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SPOILED FOR CHOICE? — One Voi-Shan Weight / Master will do the job! 


There is a very wide choice of Voi-Shan Weight/Master locknuts available from stock to 
provide solutions to every fastening problem on aerospace structural assemblies. Each 
has been developed to meet a specific area of need and Voi-Shan engineered to satisfy 
and surpass appropriate specifications. The one configuration to do the job for your need 
may be in the selection: Floating or Fixed anchor nuts, Hexagonal, 12 point and specials to 
be used as required for aircraft, missile and jet engine applications. With weight savings 
averaging 23% -Weight/Masters use industry wide accepted methods of double and triple 
swaged locking devices. ■ Materials include Columbium, Molybdenum, Rene 41, M-252, 
Inconel-X, Waspaloy, A-286, and various low alloy steels. ■ Finishes may be in "Durak B", 
Silver, diffused Nickel-Cadmium, Cadmium, and various Molybdenum base lubricants. 
Weight/Masters satisfy a temperature range of -320 to +3200 degrees Fahrenheit. ■ For 
further details on these and other Voi-Shan quality products, write on your letterhead to: 

VOI-SHAN MANUFACTURING COMPANY 

A DIVISION OF VSI CORPORATION, 8463 Higuera Street, Culver City, California 




Here is the latest GPL navigation 1 ' first.” 


...Smallest, lightest Doppler Radar System 
ever produced, it’s the U.S. Navy's 
choice for new ASW and attack aircraft 


Out of GPL's 16 years' experience in building air naviga- 
tion systems comes the AN/APN-153(V) Doppler radar 
system. Weighing only 48 pounds and requiring only one 
cubic foot of space, it’s the lightest, most compact radar yet 
developed . . . and the latest in GPL’s record of navigation 
“firsts”.* 

Designated by the U. S. Navy as AN/APN-153(V) for use 
in new ASW, attack and weather aircraft, it's capable of 
full operation within 45 seconds ; provides automatic acqui- 
sition in less than 20 seconds; operates anywhere in any 
weather, 0 to 70,000 ft. ; retains high accuracy throughout 
virtually all aircraft attitudes. It’s easy to install . . . operate 

recalibration. AN/APN-153(V) (Model GPK-1000) rep- 
than 3000 radar systems built thus far by GPL. It is 


applicable to light commercial as well as military aircraft. 
“OTHER GPL NAVIGATION “FIRSTS” □ Developed 
first direct reading ground speed and drift angle sensor 

□ Produced first completely automatic global navigator 

□ Produced first automatic polar-mode computer □ Pro- 
duced first operational Doppler navigation equipment 

□ Developed first Doppler lie-in to an inertial system 

□ Produced first track navigation computer 

For information, contact GPL Division, Dept. DPA, 
General Precision, Inc., Pleasantville, New York. 
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WYMAN - GORDON 




FORGING 
ALL YOUR 

HELICOPTER 

NEEDS 

Helping designers build more speed, range 
and payload into the versatile “workhorses" 
of the air — with superior quality forged 
parts— is a prime responsibility at Wyman- 
Gordon. To meet the growing severity of 
helicopter service, for example, this com- 
pany offers extensive experience in forging 
structural and powertrain components of 
alloy and maraging steels. In light metal 
airframe forgings of Aluminum, Magnesium 
and Titanium Wyman-Gordon is equally 
outstanding, having produced record- 
breaking forgings in all these materials. 

By pioneering many of today's high- 
temperature alloy forging applications 
Wyman-Gordon also offers an exceptional 
background in powerplant components — 
reciprocating and turbine. Many of the 
advanced disc, impellor, blade and curvic 
coupling designs of the new generation of 
turbocopters were first forged by Wyman- 
Gordon. Putting this specialized helicopter 
experience to work on your component 
forging problems can measurably improve 
performance and efficiency of your craft. 
For knowledgeable design and metallurgical 
assistance, contact Manager of Marketing 
Services. 


AEROSPACE CALENDAR 


May 13-1 5— Conference on Single-Crysta! 
Films, Pliilco Scientific Laboratory, Blue 
Bell, Pa. Cosponsors: University of 
Pennsylvania; Princeton University; Office 
of Naval Research; Advanced Research 
Projects Agency. 

May 13-15— National Aerospace Electron- 
ics Conference, IEEE/AIAA, Dayton, 
Ohio. 

May 14— Space Simulation-Vacuum, Tem- 
perature, Radiation Symposium, American 
Nuclear Society. Shcraton-Atlantic Hotel, 
New York, N.Y. 

May 15-16— Fourth Annual Symposium on 
High Speed Testing, Hotel Somerset, Bos- 
ton, Mass. Sponsor: Plas-Tcch Equip- 
ment Corp. 

May 1 5-17— Connecticut General Flight 
Forum’s Second National Symposium on 
Air Transportation, Hartford, Conn. 

May 16-Second Annual Management Con- 
ference on Marketing in the Defense In- 

College Campus, Boston, Mass. 

May 20-22-1 7th Annual Convention and 
Exhibit, American Society for Quality 
Control, Sherman House, Chicago, III. 

May 20-22— National Symposium on Micro- 
wave Theory and Techniques, Institute 
of Electrical and Electronics Engineers, 
Miramar Hotel, Santa Monica, Calif. 

May 20-22— National Telemetering Confer- 
ence, Hilton Hotel, Albuquerque, N. M. 

May 20-23-Design Engineering Conference, 

(Continued on page 7) 



NOW! Solid State 

time/delay/relays 



...with traditional AGASTAT reliability! 


Now available... solid state time/delay/relays with the accuracy essential 
for critical missile and computer applications! These new AGASTAT 
relays are the result of over 30 years' time delay engineering and manufac- 
turing experience . . . specialized experience which has made AGASTAT the 
standard of reliability throughout industry. 

Advanced design combines specially selected semiconductors and other com- 
ponents in a “modular-sandwich" configuration. Result: the standard mod- 
ules mean flexibility; uniformity; and rapid delivery of “custom" produced 
units. The solid state AGASTAT is hermetically sealed . . . resistant to 
vibration and shock. Special circuitry protects against input polarity re- 
versal, voltage transients and continuously varied supply voltage. 

What are your requirements? These solid state relays are only 1 sq.... 

available in six standard types, with timing ranges from milliseconds to 
hours, delay on pull-in or drop-out. Operation;— 18-32 vdc; —55c to 125c; 
load capacity to 10 amperes. Write Dept. Sl-15 for data sheet. Or ask for a 
quotation on your special application requirements. 


AGASTAT 


TIMING INSTRUMENTS 

# ELASTIC STOP NUT CORPORATION OF AMERICA 
ELIZABETH DIVISION ■ ELIZABETH. NEW JERSEY 
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TT\ n . . . a complex fluid system packaging problem 
has been solved with a single custom engineered 
manifold containing 3 RIGIMESH® filter ele- 
UJ _ ments ... 3 filter bypass valves ... 3 DELTA- 
DYNE® Differential Pressure Indicators . . . 
3 check valves ... 1 system relief valve. Every component is designed so it can not be assembled 
in other than its correct orientation. This Modular Filter-Valve Manifold provides: higher relia- 
bility, simplified maintenance, reduced weight, error-free installation, easier inspection, reduced 
cost and improved accessibility. Numerous fittings were eliminated, and leakage points reduced 
by 60% compared with the previous installation. 

This is typical of a number of Modular Manifolds designed and now in production at Aircraft 
Porous Media, Inc. If you’re involved with the design or redesign of a fluid system, investigate this 
significant step toward centralizing system components. Write for descriptive literature. . . today. 




AIRCRAFT POROUS MEDIA, 


A SUBSIDIARY OF PALL CORPORATION 


GLEN COVE. L. I„ N. Y. • (516) OR -1-4000 • TWX: 


5 671-6272 • 


TELEX: 01-26329 






The last word in targets. 


It’s the Northrop BP-78. 

The rocket-powered RP-78 was designed to give the 
utmost in realism. It flies at Mach 1 .3. Operates at 68,000 
feet. Performs evasive action by remote control through- 
out its entire flight. Attracts heat-seeking missiles with 


wing flares. Can appear as almost any kind of enemy 
bomber on a radar screen. 

To add to the realism, the RP-78 can be destroyed 
under combat conditions. It’s possible because the RP-78 
is economically expendable. NORTHROP VENTURA 







SOLAR PANELS 


To Power Man’s Farthest Probe Into Space 

. ■ During 
in to power 

recognized 
navigation 

fabrication and the field support of operational Space Age products and equipments. 

RYAN AERONAUTICAL COMPANY. SAN DIEGO, CALIFORNIA I 







FACTORY QUALITY 


MINIMUM COST 


FAST SERVICE 




QUALITY 

All parts to support our many product 
lines are made by Carrelt-AiRescarch 
under the same high quality control con- 
ditions as in the original manufacture. 
Highly skilled personnel are specially 
selected and trained in Garrett-AiResearch 
products. 

Finest factory and test facilities available 
at each of our manufacturing centers — 
FAA approved. 

90-day warranty after first use, or 180-day 
warranty after delivery. 

Analytical engineering programs gener- 
ate product improvements to extend time 
between overhaul and reduce operating 

Experience — a quarter century in estab- 
lished product lines. 


COST 

• Lower cost because of established factory 
controls, high volume, and intimate tech- 
nical knowledge of our own products. 

• Established price lists that enable you to 
estimate future costs accurately. 
SERVICE 

• Ten-day turn-around on all equipment. 

• Unit exchange programs for gas turbines 
and other Garrett-AiResearch equipment 
on certain corporate aircraft. 

• 100 field service engineers on immediate 
call throughout the world. 

• Backed up by total support program 
(spares inventory, technical publications, 
training programs, etc.) 

Please direct your inquiries to Support 

Services at any of the divisions listed 

below. 


AIRESEARCH MANUFACTURING DIVISION • Los Angeles 9, Ca/i/ornia 
AIRESEARCH MANUFACTURING DIVISION OF ARIZONA • Phoenix 34, Arizona 
GARRETT MANUFACTURING LIMITED • Toronto. Ontario, Canada 
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...FOR SOUND REASONS. Not just because we like black. Fluoroflex-T Hose is made with black 
Teflon to outlast, outperform any hose made of ordinary fluorocarbon resins. It is more economical to use 
because it has unlimited shelf life, offers maximum safety and eliminates nearly all maintenance problems. 
■ Only Resistoflex and its licensees employ this patented carbon black process. Originators of Teflon lined 
hose, Resistoflex leads all manufacturers in reliability, and adaptability to changing aerospace requirements. 


RESISTOFLEX 

PLANTS: Roseland, New Jersey • Anaheim, California • Dallas, 
Jacksonville • Kansas City • Miami • Oakland • Philadelphia • 



Texas. SALES OFFICES: Atlanta • Chicago • Dayton • Detroit 
San Diego • Seattle • Syracuse • Washington • West Caldwell 





RAYTHEON 

TWT'Sfor 

RADAR 


Raytheon is continuously making 
exciting advances in the state-of-the- 
art of Traveling Wave Tubes. For ex- 
ample, we recently undertook the 
design and development of a new, 
highly sophisticated TWT for broad- 
band phased arrays. Difficult specs 
were met for phase linearityand gain 
uniformity vs. frequency, tube-to- 
tube uniformity and long life. Result: 
Raytheon has been awarded the larg- 
est single production contract for 
phased array TWT’s ever written. 

In addition to its strength in TWT's 
for radar, Raytheon has across- 
the-board capability in magnetrons, 
klystrons, amplitrons, M-BWO's 
and O-BWO’s. This gives Raytheon a 
uniquely objective approach in rec- 
ommending the proper device for 
the job. Your Raytheon Sales Engi- 
neer is ready to help you select the 
tube best suited to your needs. 

Raytheon Company, Microwave 
and Power Tube Division, Waltham 
54, Massachusetts. 
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Sometimes a minnow outswims a 
whale! 

No one thought our small d-c 
motors could do all we claimed. 
So we gave them away for trial. 
We were the only people not sur- 
prised when our motors performed 
exactly as claimed. 

The problem was the inherent in- 
accuracy of a conventional gov- 
erned motor that couldn't be 
adjusted in flight. Had to be 


grounded and re calibrated quite 
frequently! Was bulky! Heavy! 

We fished around, and came up 
with a whale of a chronometric 
motor. It was half the size and 
weight! Adjustable if necessary! 
Needed little or no maintenance. 
Did everything the larger motor 
did— and better! Unusual? Not at 
The A. W. Haydon Company! 
Ouronly concern iswith time— and 
timing devices. We're confident of 


any product we make. We take 
pride in giving others the same 
confidence in us — and in our 
products. 

Do you have a time problem? 

We have a timely solution! 

AUIUAYDON 

fWfllCOMPANY 

232 NORTH ElM STREET. WATERBURY 20. CONNECTICUT 


EDITORIAL 


Forecasting the Wild Blue Yonder 


In the sprawling Arbor Vitae complex not far from 
Los Angeles International Airport, the best brains of the 
Air Force are now engaged in an extremely significant 
effort to forecast the technical and military future of 
this service (AW Apr. 8, p. 25). It is certainly an 
appropriate time for this exercise, as this service is 
beset by grave problems arising from shifting military 
and political requirements and the galloping technology 
of the postwar era that shows no indication of abating 
its fierce pace. In addition to the implosive force of 
these external problems, the Air Force is also facing an 
internal crisis of leadership, generated by the passing of 
time and the changing character of its mission. 

From its beginning with the Wright biplanes at Ft. 
Myer, Va., just across the Potomac from Washington, 
the military air service has always faced the problem of 
maintaining its position astride a technical revolution. 
For several decades this technology pursued a relatively 
uncomplicated course aimed at developing winged 
vehicles that could fly farther, faster and carry heavier 
lethal loads— although it was marked by major changes 
in direction, such as the switch to all-metal construction, 
application of electronics, the gas turbine engine, super- 
sonics, nuclear armament and many others. 

But during the past few years this simple line of devel- 
opment has expanded into a technical spectrum of 
enormous scope, from vertical-takeoff-and-landing ma- 
chines to space vehicles, and its area of military opera- 
tions now stretches from jungle guerrilla warfare to 
cislunar space. And at both ends of this spectrum it 
finds other government organizations chipping at its 
technology and missions. TTie Air Force is faced today 
with a technical and military complexity that dwarfs 
anything in its previous experience or indeed in the 
experience of any other military organization in history. 
It is feeling the strain of revolutionary technology on 
evolutionary organizational structures and the flood of 
changing political tides over traditional doctrine. 

A Service Divided 

It was perhaps inevitable that during this period of 
multiple change the Air Force tended toward over- 
factionalism. giving rise to the Pentagon jest, “Which 
Air Force are you talking about?" Strategic Air Com- 
mand had its overriding priority mission and pursued 
it with admirable technical and organizational vigor, 
though wthout much regard for the other elements of 
the service. Tactical Air Command and Air Defense 
Command went their separate ways with shrinking 
budgets, aging equipment and diminishing interest from 
top USAF and Defense Dept, leadership. The undenia- 
ble importance of expanding the technical scope devel- 
oped strong new competitors for resources, promotion 


and policy voice in the Air Research and Development 
Command and its even more powerful successor, the 
Systems Command. 

If the less glamorous areas of its technical and military 
field, such as tactical air support, were neglected in this 
era, so also were some of the most glamorous areas such 
as space, painted in unrealistically rosy hues. During 
much of this period, the fact that the Air Force was 
getting by far the largest slice of the military budget 
pie made its top leadership reluctant to respond to 
alarms raised over future problems. Over-complacency 
on its favored budget role resulted in neglect of sound 
future planning at the top, despite some anguished con- 
cern over this growing gap at lower levels. 

The National Aeronautics and Space Administration 
sprang into being and quickly took the major role in 
space exploration from the military sphere. Although 
it had been far ahead of its civilian leaders in anticipating 
the requirements of space technology', and was working 
hard in this area in the pre-Sputnik era. the Air Force 
was quickly forgotten in the post-Sputnik panic, under 
the curious doctrine that the peaceful uses of space 
excluded any efforts at self-defense. In an understand- 
ably exaggerated reaction, the Air Force developed some 
pretty flimsy operational plans for its desired space role 
that almost envisioned throttle jockeys dueling the 
enemy in space in the same manner that Sabres and 
MiGs tangled over Korea. 

Shrinking Horizons 

At the other end of the technical range, the Army 
expanded its own aviation as much as possible and 
nibbled hard at USAF roles that it felt, with some 
validity, were being neglected. In the middle, the Navy 
Polaris-carrying submarines sailed into SAC’s hitherto 
sacrosanct role as the strategic deterrent, and USAF saw 
its budget edge over the other services reduced con- 
siderably. 

Not since the end of World War 2 has the Air Force 
taken such a comprehensive view of its future prospects 
in the technical spectrum. At that time, far-sighted 
Gen. Henry H. Arnold drafted Dr. Theodore von Kar- 
man to head a team that charted the technical trends 
of the first postwar decade in the now-famous report 
“Toward New Horizons.” The von Karman forecast 
of the technical future proved to be remarkably accurate 
and served USAF well in keeping astride the explosive 
technology of supersonics, rocket propulsion and thermo- 
nuclear armament. 

Hopefully, Project Forecast will develop the same type 
of thorough and technically accurate chart for USAF in 
the next decade. It is a job that must be done. 

—Robert Hotz 
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When a new time code is introduced . . . 



Aslrodata Model 6222 Universal Automatic Tape Search 
System accepts virtually any time code format, and pro- 
vides completely automatic high-speed search, playback, 
re-record and stop operations. Extremely high input sen- 
sitivity (10 mv) assures highly reliable tape search. 


this plug-in module 
is all you need 


to bring your 
Astrodata universal 
tape search system 
up to the minute 


...to forestall system obsolescence 



Astrodata Model 6222 Universal Automatic Tape Search 
System has been designed to prevent system obsolescence 
each time a new time code format is introduced. Circuitry 
common to all time code translating is built into the system 
—circuitry peculiar to each time code is built into individual 
plug-in modules. 

When working with IRIG, NASA, AMR and other formats 
already in existence, you merely insert the appropriate plug-in 
module to change from one code format to another. When a 
new time code format is introduced, it is necessary only to 
add a corresponding plug-in module. 

All solid-state construction, using exceptionally conservative 
design criteria, gives you maximum protection against down- 
time. More than 40 systems have been installed to date. All 
customers report excellent operation . . . names on request. 
Considerable savings accrue to users because of Astrodata’s 
years of experience in the design and manufacture of time 
code generation, translation, telemetry and tape search sys- 
tems combined with a modular approach that permits many 
engineering and production economies. 

Astrodata produces a complete line of timing instrumentation. 
Write today for your copy of the new tape search brochure, 
or contact your nearest Astrodata representative. 
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ASTRODATA IATC. 

240 EAST PALAIS ROAD • ANAHEIM, CALIFORNIA • PHONE: (213) 772-1000 


WHO'S WHERE 


In the Front Office 

Dr. John J. Myers, vice president. Surface 
Based Electronic Systems, North American 
Aviation's Columbus (Ohio) Div„ and Dr. 
James F. Reagan, vice president. Missiles. 

Dr. John M. Teem, a corporate vice presi- 
dent. Electro-Optical Systems, Inc.. Pasa- 
dena, Calif.; he continues as technical direc- 
tor. Also: Leslie J. Cook, a vice president; 
he continues as manager. Electric Propul- 
sion Flight Test Program. 

Robert E. Chascn, executive vice presi- 
dent. ITT Kellogg Communications Svs- 
terns, Chicago, III. a division of Interna- 
tional Telephone and Telegraph Corp. Also: 
Robert A. Marshall, vice president-market- 
ing. ITT Federal Laboratories. Nutley. 
N. J., a division of International Telephone 
and Telegraph Corp. 

V. G. Weddle, vice president and general 
manager. Cessna Aircraft Co.'s Commercial 
Aircraft Div.. and Frank Martin, vice presi- 
dent-marketing. commercial aircraft. 

John L. Mead, vice president-industrial 
relations, Aerojet-General Corp., El Monte. 
Calif. 

Guy B. Entrckin. Jr., a vice president. 
Bourns. Inc., Riverside, Calif.; lie also is 
general manager of Instrument Div. 

Alexander D. Bruce, board chairman and 
chief executive officer. Vapor Corp., Chi- 
cago. 111., and Laurence H. Gillick, vice 
chairman, Arthur J. Loose succeeds Mr. 
Bruce as president. 

Lester L. Kilpatrick, board chairman. 


Cali I 


a Comp 


r Produc 


csidc.t 


licim. Calif.; his successor a; , 
not been named. Dr. Donald W. Gadc. 
senior vice president, is acting chief execu- 
tive officer. 

Dr. John V. Harrington has been ap- 
pointed director of Massachusetts Institute 
of Technology's new Center for Space Re- 
search. Cambridge, Mass.; he was also ap- 
pointed Professor in the Departments of 
Electrical Engineering and Aeronautics and 
Astronautics. Lawrence E. Becklcy is ad- 
ministrative officer for the center. 

Brig. Gen. William W. Veal, comman- 
der of the Defense Electronics Supply Cen- 
ter. will become Auditor General. Air Force 
s Office. Air Force hcadquar- 
i, D. C., in September. 


lomptroller's C 
:rs. Washing to 


Honors and Elections 

Dr. Bernhard H. Gocthert, director of 
engineering for ARO. Inc., has been ap- 
pointed interim chairman of the Inter-Panel 
Space Information Group of AGARD (Ad- 
visory Group for Aeronautical Research 
and Development). 

Stanley Hiller, Jr., president of Hiller Air- 
craft Co., has been elected president of the 
American Helicopter Society succeeding 
Edwin J. Ducayct, president of Bell Heli- 
copter Co., now board chairman of the 
Society. Norman C. Taylor, assistant direc- 
tor-engineering for Boeing's Vertol Div., 
was elected secretary-treasurer. 

Maj. Robert M. White has received a 
Distinguished Service Medal from the Air 
Force for his research flights in the North 
American X-15. 

(Continued on page 118) 


INDUSTRY OBSERVER 

► Navy is experiencing so many problems with its Talos, Terrier and Tartar 
shipboard anti-aircraft missile systems that it has contracted with Control 
Data Corp., Radio Corp. of America and Raytheon to analyze the difficulties 
and recommend a remedial program. Each company is to analyze one missile 
system. Interim report indicates that it may cost $250 million to correct 
subsystem incompatibilities on only one of the missile systems. 

► Army has asked for technical data from industry on concepts for a licavy-lift 
helicopter rotor system employing one or more jet engines on each rotor. 
Data should lead to fabrication, ground and flight test of a research aircraft. 

► Launch of the polar ionospheric beacon satellite, designated S-66, at Pacific 
Missile Range, has been postponed by NASA from May 7 while the agency 
studies desirability of a ground test of the Scout first-stage Aerojet Algol 
motor. Checkout indicated it had a hang-fire potential. 

► Fueling systems at several USAF bases will be investigated by Aeronautical 
Systems Div. to determine the level of microbiological and related contam- 
inants. Industry bids will be submitted by May 20. Bases to be studied 
include Davis-Montlian, Ariz.; Beale, Calif.; Fairchild, Wash.; Blythcvillc, 
Ark.; Shaw, S. C.; Eglin, Fla.; Wurtsmitli, Mich., and Loring, Me. 

► Air Force has scheduled 20 air-drop flights and 10 Titan 5 launches in the 
X-20 (Dvna-Soar) development program. Four of the drop flights will be 
powered to provide dynamic pressure information up to Mach 1.5. 

► Industry approaches for design and development of methods of non-liaz- 
ardous thrust termination of solid-propellant motor systems are being ana- 
lyzed by Rocket Research Laboratory, Edwards AFB, Calif. Aim is to 
achieve methods of thrust termination during early phases of lift-off, for 
precise control of impulse, and during staging of large boosters. 

► First flight of FLIP (Flight-launched infrared probe) pod was to base been 
aboard the second Atlas advanced ballistic re-entry system (Abres) vehicle, 
launched from Cape Canaveral Apr. 26, but technical difficulties forced its 
removal. FLIP, built by General Dynamics/ Astronautics, is 82.1 5-in.-long, 
29. 5-in .-wide, two-segment pod attached to the side of the Atlas. Packages 
arc fired from the Atlas at an angle during boost phase to gather data on the 
infrared characteristics of the vehicle in flight. 

► Industry plans for large solid-propellant motors as liftoff-assist devices, 
boosters and building blocks for space vehicles will be evaluated by NASA’s 
Manned Space Center. Boost-assist will be related to Advanced Nova, sea 
launch and 50-100 ton recoverable, single-stage to orbit and nuclcar-powcrcd 
vehicles. Proposals for the task will be submitted by May 13. 

► USAF's Aeronautical System Div. plans a program aimed at developing 
techniques which will enable a reconnaissance aircraft to correlate instantly 
information obtained from side-looking radar, infrared mapping, aerial cam- 
eras and terrain mapping. Techniques may be intended for use on the F-lll 
(TFX) or the RS-70. 

► Electro-thermal research and development program proposed by industry to 
NASA’s Lewis Research Center will be concerned with thruster system oper- 
ating at a power level between 2 and 3 kw., with specific impulse between 
800 and 900 sec. and efficiency of .60 to .70. Test runs must extend under 
essentially steady-state conditions for a minimum of 10 min. 

► USAF’s Space Systems Div. is evaluating proposals for development of 
guidance laws for maneuvering in space, where intercept and target vehicles 
would be in earth orbits with perigees exceeding 75 naut. mi. and apogees 
not exceeding 300,000 naut. mi. Angle between the two orbital planes could 
range from 0 to 90 deg. Interceptor would be powered with a non- 
throttleable, restartable engine. Target vehicle would be non-mancuvcrable. 
Airborne computing equipment for the guidance system would have to be 
available in the 1967-70 period. 
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NEW GENERAL ELECTRIC DEVICES FOR TOMORROW’S DESIGNS 


ALL AVAILABLE FROM 
SPECIALTY DEVICES OPERATION 


1 CUSTOM PACKAGING packs more circuitry in less space 
and increases reliability. Specialty Devices Operation (SDO) will 
design complete package, or work from your schematics. SDO- 
developed materials provide correct epoxy for operation in a. 
wide variety of environments. 




2 MAGNETIC SHIFT REGISTERS, with high reliability achieved through circuit 
design and worst-case testing, are ideal for missile and satellite applications. 
The General Electric-pioneered multibit package permits small-size registers that 
require a minimum of space. Registers are available with highest speed-to-power 
ratios to meet special applications. 


3 WIRE SONIC DELAY LINES provide low insert losses, higher storage rates, 
and reliable operation — even in severe vibration environments. Sonic delay lines 
are available in special designs to meet a wide range of requirements. Applications 
include computer serial memories, buffer data storage, and signal processing. In- 
put/output circuitry is furnished where desired. 



4 ELECTRICALLY VARIABLE DELAY LINES are ideally suited for pulse posi- 
tioning and phase control applications. These delay lines are used for both 
carrier and pulse information, providing continuous electrical adjustment. 



5 FERRITE CORE MEMORY PLANES, encapsulated for protection of highly 
sensitive cores, are the most durable in industry. Ability to withstand vibration 
up to 55 cycles per second and to operate reliably in severe environments makes 
G-E memory planes ideal for military and commercial computer systems. 


6 MAGNETIC PHASE MODULATORS replace vacuum tubes as dynamic phase 
modulation element in FM communications equipment. These devices permit sim- 
plified circuitry, increased economy and reliability, low current drain, and im- 
proved linearity. 



7 PARAMETRIC AMPLIFIER, designed for general satellite com- 



8 DIGITAL READOUT DEVICE, developed for alpha-numeric readout 
on situation displays and data processing monitors, provides reliability, 
readability, longer life, wide angle viewing, and flexibility of large 
character selection. 


TOMORROW’S DESIGNS call for most up-to-date electronic techniques. These G-E devices, custom-designed for your 
specific applications, provide that needed performance. Send requests for information and quotations to Specialty 
Devices Operation, General Electric Company, 1811 Lemoyne Avenue, Syracuse, N. Y. 171-10 




GENERAL ® ELECTRIC 


SPECIALTY DEVICES OPERATION ■ DEFENSE ELECTRONICS 


Anti-Missile Progress 


Situation Normal, Etc. 


Complex Operations 


The Scabbard Gap 


Washington Roundup 

Progress on anti-missile missile development is being reviewed “once every 90 days” 
by Defense Secretary Robert McNamara, he told the Senate Defense Appropriations 
Subcommittee recently. McNamara said he meets with Army Chief of Staff Cen. Earle 
G. Wheeler, Anny research and development chief Lt. Gen. Dwight E. Beach, and 
project leaders from Bell Laboratories and Western Electric. He said Bell Labs has 
done "a perfectly magnificent job of development management for us on what is an 
extraordinarily difficult problem." and said he has been assured that the U.S. is 
spending as much as it profitably can on the anti-missile right now. 

Air Force, largely through its Scientific Advisory Board, will soon begin analyzing 
what percentage of its budget is devoted to research to determine whether it is adequate. 
Chief of Staff Gen. Curtis E. LeMay, who suspects the percentage is too small, said 
this will be a high priority project in Fiscal 1964. 

Soviet space launchings and U. S. military space shots will again be listed in 
National Aeronautics and Space Administration’s Satellite Situation Report, beginning 
next week. Since last summer, when Defense Dept, quit providing information to 
NASA on its shots and Russian shots, the report has listed only civilian launches. 
Meanwhile, U. S. reports to the United Nations have been including all U. S. flights. 
They also have blanks in the numbering system, making it obvious that the omissions 
represent Soviet shots. To put some consistency into the inconsistency. NASA’s report 
will skip numbers when a Russian shot is made but not announced. If the shot is 
announced by Russia, it will appear in the report with the name Russia gives to it. 

Defense Dept, is discovering that the 12-to-14-hr. daily work schedules of its top 
officials are so inelastic that “fire drills" such as the TFX investigation (see p. 24) or 
the recent Cuban crisis bring many routine activities to a halt. Most seriously affected 
by the current effort to justify the TFX decision is the office of the director of defense 
research and engineering, where a number of projects are stalled-rcquiring the military 
services in turn to slow down their work. Although the Pentagon claims that the TFX 
"Blue Team” (AW Apr. 29, p. 23) numbers only a dozen or so, unofficial estimates 
arc that it numbers more than 200 when those in the field at such places as the project 
office at Wright-Patterson AFB are included. 

NASA’s Launch Operations Center at Cape Canaveral is proposing that the opera- 
tion of its 70,000-acre Merritt Island complex be split among several contractors, with 
NASA in over-all charge. Air Force uses only one prime contractor. Pan American's 
Guided Missile Range Division, to operate the Atlantic Missile Range, and Pan Amer- 
ican picks its own subcontractors. 

General Electric Co. recently received a housekeeping contract for NASA's Mis- 
sissippi Test Facility as an extension of its Apollo integration and checkout contract, 
and there was speculation here last week that this might be extended to cover the 
Merritt Island job. GE bid for the Atlantic Missile Range job two years ago when the 
Pan American contract was up for renewal. 

The LOC proposal has not been forwarded to headquarters for approval and it 
may be several months before the housekeeping situation is settled. First support 
contract for Merritt Island, covering communications services and land lines, will be 
awarded in a few weeks. 

An Aerobce sounding rocket was fired vertically on Apr. 18 as Explorer 17 was 
orbiting overhead at a 160-mi. altitude in a NASA attempt to get simultaneous vertical 
and horizontal measurements of atmospheric neutral gas. A built-in offset assured that 
the rocket would miss the satellite. Miss distance was 35,000 yards. 

Breadth of the spectrum of modem weapons now being procured by Defense Dept, 
and the complexity of developing them was illustrated by two items on the same page 
of a recent issue of Commerce Dept.’s Business Daily. 

One calls for design and development of missile launch crew procedures trainers 
for the Atlas intercontinental missile. The other announces a one-year Army Quarter- 
master Research and Engineering Command study for development and design of 
"a new and improved sheath for machete." For the machete work, military specifica- 
tions must be followed and bi-monthly and monthly reports are required. Biciders must 
furnish an estimate; a detailed plan of approach; a list of project personnel, including 
their backgrounds and experience “in similar or allied fields of endeavor;” and a fist 
of “equipment on hand or requiring purchase.” 

It is not known yet whether Anny intends to award a weapon system integration 
contract for getting the machetes into the sheaths. 

—Washington Staff 
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Gemini Manned Flight Now Year Late 


Cost now estimated at about $1 billion; schedule 
reoriented to include one more unmanned mission. 

By Alfred P. Alibrando 

Washington— First Gemini manned flight has slipped a total of one year to 
late 1964 and the cost of the program now is expected to go over SI billion— 
twice the original estimate. 

Brainerd Holmes, director of manned space flight for the National Aero- 
nautics and Space Administration, told the House subcommittee on manned 
flight that delays in development of several Gemini spacecraft systems and 
technical problems in man-rating the Titan 2 booster rochet have caused 
another six-month setback in the first manned flight. Earlier this year he told 
the committee that a funding shortage had pushed the program back about 


six months (AW Mar. IS, p. 30). 

An official of NASA’s Manned Space- 
craft Center at Houston, Tex., told 
Aviation Week & Space Technology 
that much of the delay in Gemini could 
be traced to a shortage of funds last fall, 
when the Kennedy Administration re- 
fused to permit NASA to seek a supple- 
mental Fiscal 1963 appropriation for 
Gemini and Apollo. 

At that time, both the McDonnell 
Aircraft Corp., prime contractor for the 
Gemini spacecraft, and the Martin Co., 
builder of the Titan 2, were given 
"stretchout" orders by NASA. As a re- 
sult, the buildup in production facili- 
ties at McDonnell was slowed down. 

One of the reasons for the Adminis- 
tration’s reluctance to seek a supple- 
mental appropriation was the prospect 
of a S 7-billion deficit for Fiscal 1963. 
Tire White House reasoned that it 
would have a less difficult time in Con- 
gress with its Fiscal 1964 budget if it 
held down the Fiscal 1963 deficit. 

It appears that the strategy did not 
work in the ease of the Fiscal 1964 
space budget. In the same hearing at 
which Holmes explained the schedule 
changes in Gemini, members of the sub- 
committee said Hath- that there would 
be a cut in the budget request (AW 
Mar. 18, p. 30; Apr. 8, p. 32). 

Holmes said the Gemini rescheduling 
now provides for: 

• First unmanned suborbital flight of a 
Gemini spacecraft in December, 1963. 

• Addition of a second unmanned 
flight, either suborbital or orbital, to be 
launched in mid-1964. 

• Two-man orbital flight in the last 
quarter of 1964. 

Holmes said the second unmanned 
flight was added to the schedule rather 
than delay the first flight to await de- 
livery of all the capsule systems. As a 
result, the first flight will be with a 
"shell” Gemini capsule containing only 
guidance and control equipment anil 
instrumentation necessary to record 
noise levels and aerodynamic forces act- 


ing on the spacecraft. Waiting for a 
completely equipped capsule would 
have delayed the first flight until next 
April or May (AW Jan, 14, p. 38). 

By maintaining its schedule on the 
first unmanned flight. NASA hopes to 
detect as early as possible any spacecraft 
structure or guidance and control prob- 
lems. Second unmanned flight would 
carry all the systems necessary for 
manned flight, including life support 
equipment. 

Holmes said the problems encoun- 
tered bv NASA in man-rating the Titan 
2 did not affect the rocket as a military 
weapon. The chief difficulty. Holmes 
said last week, has been the "pogo" or 
"chugging" effect in the early phases of 
flight. One objection to this is that the 
vibration would make reading of instru- 
ments inside the spacecraft difficult. 

Holmes said the Gemini systems are 
“much more sophisticated than what 
we started out with" and that incorpo- 
ration of improvements was partially 
responsible for the delay. He said the 
slips in the Gemini program would not 
delay the Apollo manned lunar landing 
flight schedule unless Gemini experi- 
ence requires extensive changes in 
Apollo designs. 

In defending the Gemini program, 
Holmes said “achievement of the end 
goal ... is the important thing . . . not 
the intermediate milestones.” The 



manned lunar landing is the end goal of 
NASA’s present manned flight program. 

Holmes also disclosed that Gemini 
costs will run much higher than origi- 
nally estimated. When the program 
was announced in December, 1961, cost 
of the program was estimated at 5300 
million. Holmes said the projected cost 
now is about $700-5800 million and “it 
may run several million” more. 

NASA had a similar experience with 
Mercury. When that program was an- 
nounced in October, 1938, the esti- 
mated cost was about $200 million. 
With the Mercury program almost com- 
pleted. the total cost has been estimated 
at about $600 million. 

Gemini delays mav put the USAF- 
Boeing Dyna-Soar (X-20) orbital space 
glider in a more favorable light. Early 
this year, the Air Force feared that the 
Dvna-Soar program would be cut back 
to a feasibility studv (AW' Feb. 25, 
p. 26) and some of the X-20 funds 
shifted to Air Force Gemini flights. 

However, after Defense Secretary 
Robert S. McNamara visited the Boeing 
Co. for a personal briefing— but no hard- 
ware inspection— on Dyna-Soar develop- 
ment and ordered new studies of Dyna- 
Soai and Gemini, Air Force proponents 
of the program were heartened. 

Testimony of Deputy Defense Secre- 
tary Roswell L. Gilpatric before the 
Senate space committee last week also 
indicated some second thoughts about 
dropping Dyna-Soar. 

"We are not prepared to . . . predict 
with certainty what the future of [Dyna- 
Soar] will be." he said. “We are not 
far enough into this joint planning oper- 
ation [with NASA] or with Gemini to 
be sure . . . whether we can rely ... on 
Gemini ... to satisfy the needs that we 
originally set out to accomplish in Dvna- 

“Dvna-Soar and Gemini are not . . . 
completely overlapping. They comple- 
ment each other [and] need to be 
studied very carefully before we reach a 
decision- to forego one in favor of the 
other or to combine the two. , . . Mili- 
tary requirements ... as they develop 
may require separate programs." 

Air Force position on Dyna-Soar has 
solidified under the threat of cancella- 
tion, and hardware development is go- 
ing forward. About 90% of the engi- 
neering drawings on Dyna-Soar have 
been released to shops. 

NASA’s position on Dyna-Soar is 
that the program is desirable and will 
provide information on flight of a 
winged vehicle in space— information 
that will not be provided by currently 
approved NASA programs. Both NASA 
and the Air Force have prepared papers 
urging retention of Dyna-Soar. 
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LEM Radar Contract Procedure Weighed 

Washington— Gmmman Aircraft Engineering Corp. will award a subcontract for 
the Apollo Lunar Excursion Module (LEM) radar sensor in about two months, but 
the firm has not decided yet whether to conduct an open competition or make the 
award to Radio Corp. of America. 

RCA was included in Gramman’s LEM proposal as the major avionics subcon. 

not well defined at the time the contract award was made to Grumman. 

As prime contractor, Grumman is responsible for procuring the radar package and 
for assuring it meets the requirements for the complete Apollo guidance and naviga- 
tion system established by Massachusetts Institute of Technology. MIT is associate 

There is considerable interest within the avionics industry- regarding the LEM 
sensor package, because of its initial value— S5-S10 million— and of its growth poten- 
tial. 

The radar system in the lunar bug will perform two critical functions. It will 
lunar surface to rendezvous with the command module. 


Berkner Outlines U.S. Space Goals, 
Argues Against Program’s Critics 


By C. M. Plattner 

Los Angeles— Critics of the Kennedy 
Administration's “space race" with Rus- 
sia were described by Dr. L. V. Berk- 
ner, consultant and former member of 
the President’s Science Advisory Com- 
mittee, as unrealistic in attitude and un- 
informed of the goals of the U. S. space 
program. Bcrkncr presented his views 
last week before members of the Aero- 
space Medical Assn, at their 34th an- 
nual meeting here. 

The speech, submitted to the Na- 
tional Aeronautics and Space Council 
and cleared by Vice President Lyn- 
don Johnson, took issue with skep- 
tics in position of national leadership 
and those in the scientific community, 
whose arguments range from waste-of- 
money to the premise that exploring the 
moon and planets can be done more 
effectively by instruments than man. 

Berkner is president of the Graduate 
Research Center of the Southwest, 
Dallas. 

Conquest of space has acquired an 
enormous political value, Berkner said. 
The nation that can win and retain 
space superiority will have demonstrated 
the superior viability of its system in the 
eyes of the world, he declared. 

Unique space achievements by the 
Soviet Union, he added, could lull that 
nation into a false sense of superiority 
and overconfidence. Such a situation, 
Berkner said, could lead the Russians 
into irresponsible international adven- 
tures, perhaps leading to war. 

To prevent Soviet successes, the con- 
test for every major space objective be- 
comes unavoidable. Berkner pointed 
out. Alternative to an active role in the 


space race could result in significantly 
greater costs in the future in terms of 
expenditures for a military deterrent. 

"Because of the very primitive and 
deep-seated instinct to conquer the un- 
conquerable, the space race between the 
U.S. and USSR is inevitable." said 
Berkner. “Men everywhere see, in the 
conquest of space, the peaceful demon- 
stration of the superiority of one of the 
two competing systems of economic or- 
ganization-capitalism versus commu- 

A straight engineering approach to 
space exploration, championed by skep- 
tics who desire that the space race be 
considered purely as a political race and 
de-emphasizing the scientific aspect to 
save money, presents a superficial and 
unrealistic attitude, Berkner said. With- 
out the employment of the most ad- 
vanced conceivable science as the tool 
for exploration, the space race would 
degenerate into a phony program. 

Another reason for maintaining space- 
science at a high level, Berkner said, is 
that a straight engineering approach will 
work only until a serious failure is en- 
countered, arising from natural causes 
not clearly understood. The program 
then would come to a shuddering and 
expensive halt, he said. 

Scientific aspect of the space program 
is most vulnerable to budget cuts, Berk- 
ner pointed out, because to accomplish 
the moon program at all, the engineer- 
ing aspect— building a vehicle— is essen- 
tial, while the scientific programs could 
be trimmed. 

One argument, prominent in scien- 
tific circles, Berkner said, proposes that 
instruments can do everything that men 
can do, and a lot cheaper. 


Berkner countered these arguments 
by noting that skilled interpretation, 
leading to objectivity in evaluating al- 
ternate courses of action ultimately will 
be required. If scientists were able to 
build an instrument with this capability, 
it would look surprisingly like man. he 

To enhance the scientific aspect of 
manned lunar and planetary exploration, 
Berkner said that young, highly-skilled 
scientists should be included in the as- 
tronaut training program. “To do a 
genuine job, the astronaut team must be 
a well rounded team including great sci- 
entific skill,” he said. 

Berkner touched on another argu- 
ment often heard, to the effect that 
“just think of what we could do with 
$20 billion [estimated for Project 
Apollo] if it were turned to man’s im- 
mediate welfare— medical research, hous- 
ing of the poor, and so on." 

More to the point, he added, we live 
in a dynamic civilization in which some 
aspects of technology must always lead 

Failure to press these differentials will 
bring technology to a halt. Our space 
program is the greatest spur to tech- 
nology today, he said. 

There has been a growing tendency 
in recent months to view landing a man 
on the moon as the only goal of the 
U. S. space program, Berkner said, but 
such a belief warps the original goals. 

In defining the goals of the space 
race, Berkner named the following cate- 
gories and their associated objectives: 

• Scientific. In addition to exploring 
the moon and other planets, continuing 
observations of the earth itself, from 
satellites will further determine its 
shape, gravitational and magnetic fields, 
atmosphere and its coupling into the 
interplanetary medium. Knowledge of 
the sun and of empty space will be 
furthered and observations of the uni- 
verse, through space station-based tele- 
scopes, without the filtering effect of 
the earth’s atmosphere, will be possible. 
Berkner later said that the moon, since 
it is solid and has a natural gravity, 
would be preferred as a base for a space 
station over an orbiting body, which 
would be perturbed by the movement 
of its occupants. 

• Civil applications. In the field of 
communications, world-wide direct dial- 
ing, radio and television are foreseen. 
Meteorological science will be further 
improved with satellites such as Tiros 
and Nimbus. A proposed satellite, 
called Reaper, will collect and relay in- 
formation from free-floating balloons at 
fixed levels in the atmosphere and from 
floating buoys, Berkner said. 

• Military applications. Berkner de- 
fended the right of the military in space 
on the basis that the U. S. must be able 
to counter any new weaponry tech- 
niques advanced by Russia. 
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McNamara Used ‘Rough Judgment’ on TFX 


By George C. Wilson 

Washington— Robert S. McNamara, 
the secretary' of defense who insists that 
all available facts must be on hand be- 
fore sensible decisions can be made, 
personally awarded the $6. 5-billion 
F-l 1 1 (TFX) contract without the bene- 
fit of any detailed cost figures he 
trusted. 

U. S. Comptroller General Joseph 
Campbell told Senate investigators last 
week that McNamara admitted to Gen- 
eral Accounting Office representatives 
that he awarded the contract to General 
Dynamics-Grumman instead of the Boe- 
ing Co. on the basis of judgment "rather 
than independent cost studies. . . .” 
McNamara said it was the kind of 
“rough judgment" he had made while 
president of the Ford Motor Co., 
Campbell testified. 

Campbell, who heads the GAO, re- 
ported to the Senate Permanent In- 
vestigations Subcommittee probing the 
award of the contract that his account- 
ants could find no independent cost 
basis for the F-l 11 contract award other 
than the one prepared by the Air 
Force, which both McNamara and the 
GAO probers considered inadequate. 

Without mentioning his own lack of 
cost analyses, McNamara said in a May 
1 press release that the GAO criticism 
of Air Force figures "strengthens my 
own conclusion that the Air Force cost 
estimates were so unreliable as an in- 
dication of the ultimate differential in 
research, development and production 
cost between the programs of the two 
contractors that they could not be used 


as a foundation for the source selection. 
The contractors' own cost estimates 
were at least equally unusable, as noted 
by the evaluation group.” 

Boeing estimated it could develop 
and produce 1,700 USAF and Navy air- 
craft for a cost of 55,564,300,000, while 
General Dynamics-Grumman submitted 
a bid of S5, 455, 500,000 a difference of 
591. 2 million. Air Force made adjust- 
ments to make the bids comparable and 
came up with a figure of 55,387,500,000 
for Boeing and S 5,803,000,000 for Gen- 
eral Dynamics-Grumman, a difference 
of 5415.5 million. Air Force took these 
contractor figures and did some projec- 
tions of its own. These projections, or 
estimating standards, were the figures 
criticized by the GAO, not the con- 
tractor estimates. 

Testimony last week brought out 
that some of the Air Force cost infor- 
mation McNamara is disavowing was 
used in the Nov. 21 memorandum of 
the service secretaries to justify their 
reversal of the USAF-Navy source se- 
lection board, which recommended 
Boeing for the F-l 11 contract four 
straight times. 

GAO entered the F-l 11 controversy 
Apr. 2 when Subcommittee Chairman 
John L. McClellan (D.-Ark.) asked 
the agency to examine the cost esti- 
mates use by the Air Force in its F-l 1 1 
evaluation. On Apr. 5, McNamara 
wrote Sen. McClellan that the Air 
Force figures "were considered so un- 
reliable" that they were not used at the 
secretarial level. So. on Apr. 10, Sen. 
McClellan asked the GAO not only to 
examine Air Force estimates but “to 


review the cost estimates and related 
cost data actually used by the Secretary 
in reaching his decision to award the 
TFX contract to General Dynamics. 

These were highlights of Campbell’s 
testimony: 

Campbell. Our staff has found no in- 
dependent or additional cost estimates 
covering the TFX program as a whole, 
and the secretaries have advised us that 
none exist. Both Secretary McNamara 
and Secretary [Eugene M.] Zuckcrt 
have stated to our representatives that 
the conclusions reached by them were 
on the basis of their judgment rather 
than on independent cost studies. . . . 
Sen. Carl T. Curtis (R.-Ncb.). So, 
while they branded the Air Force’s 
estimates as unreliable, they made no 
independent or additional estimates of 

Campbell. That is correct. That is 
their statement to us. . . . 

Sen. McClellan. So that you as the 
comptroller general of the U. S., the 
General Accounting Office, is unable 
to make an audit, to find records in the 
Defense Dept, upon which it predicated 
its judgment, or to substantiate the 
judgment and decision made by the sec- 
retary of defense in this case? 
Campbell. Not with respect to costs. 
Sen. McClellan. Costs being one of the 
reasons claimed as a justification for 
rejecting the lowest bid. You find noth- 
ing in the record of the secretary' with 
respect to documents, figures, calcula- 
tions, estimates to substantiate judg- 
ment, therefore, that the figures of the 
lowest bidder, the Boeing Co., were 
unrealistic with respect to cost? 
Campbell. Mr. Chairman, we had no 
access. We did not request access be- 
cause the secretary advised us that there 
were no records. . . . 

Sen. Henry M. Jackson (D.-Wash.). If 
cost realism is one of the key points, 
as I understand the secretary’s position, 
along with commonality, if cost realism 
was a major factor in his decision, 
wouldn't he have to determine the 
validity of the cost figures as proposed 
by the competing companies? 

Hassell B. Bell, associate director. GAO 
defense accounting and auditing divi- 
sion. Both secretaries told us they were 
relying upon their experience in the field 
previously, and that they were able to 
make rough judgments. . . . 

Sen. Jackson. Did they give you the 
procedures they followed? Not just 
talk. I am trying to find out here what 
procedures were followed. 

Bell. No, sir. They gave us no detailed 
procedures that they 1 followed. , . . 

Sen. Jackson. Wouldn't the sensible 
course of action be (if Air Force figures 
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were considered unreliable) to have an 
audit made of the figures submitted 
by the competing companies to deter- 
mine which companies submitted real- 
istic figures? In other words, force each 
company to state their premise, the 
basis on which they had established 
their figures— to make them have to 
prove their figures one way or another? 
Campbell. That is what I would do if 
it were possible for us. It is a very prac- 
tical job to do. . . . 

Sen. Jackson. This is especially true 
when there was a unanimous decision 
four times, on a technical basis, at least, 
that the award should go the other 
way. When you are going to reverse it, 
you better be sure of your figures, I 
would think. 

Sen. McClellan concluded his ques- 
tioning of Campbell by saying he could 
not understand why McNamara, Zuck- 
ert and Navy Secretary Fred Korth kept 
using the cost evaluations through four 
rounds if they considered them unre- 
liable. “Maybe they can answer.” Mc- 
Clellan said. The service secretaries are 
expected to start testifying later this 
week or next. 

Besides McNamara's lack of figures 
he considered reliable, the comptroller 
general’s personal report to the subcom- 
mittee brought out these other points: 

• McNamara told GAO representatives 
in an hour-long interview Apr. 16 that 
Air Force cost standards did not meas- 
ure the cost differences between the 
competing F-l 1 1 designs, but were 
merely developed to test the cost real- 
ism of the proposals. He said lie had 
taken the principal role in estimating 
the costs. A Defense Dept, memoran- 
dum of record of that meeting states: 
“Tire secretary' said that, after finding 
the Air Force estimates inadequate for 
judging the cost implications of the 
two proposals, he had made rough 
judgments of the kind that he had made 
for many years with the Ford Motor 
Co. It did not take very much time to 
do this because the technical differences 
between the two proposals had rather 
obvious cost implications.” 

• By employing such “rough judg- 
ments," McNamara on his own estim- 
ated Boeing’s use of titanium would in- 
crease the per-aircraft cost by 550.000: 
had added 5100 million to Boeing’s 
estimate that it would cost 540 million 
to put thrust reversers on its aircraft; 
estimated Boeing’s plan to hollow out 
some of its structural parts to save 
weight in the Navy version would im- 


F-lll Subcontract 

Westinghousc Electric Corp., Lima, 
O., will provide the primary a.c. power 
generating subsystem for the USAF- 
Navy F-l 11 (TFX) tactical fighter. Gen- 
eral Dynamics announced last week. 


pose a penalty of 550 million to $75 
million. 

According to the memorandum, Mc- 
Namara concluded that “throughout, 
Boeing’s proposals pushed the state of 
the art farther, greater incremental costs 
were inevitable because of the greater 
development risks and. even though 
impossible to quantify accurately, these 
costs would be substantial. The secre- 
tary said that actually the greatest risk 
of all lay in development of the varia- 
ble sweep wing, a development com- 
mon to both proposals, and that in his 
judgment it had not been desirable to 
add to this fundamental risk the differ- 
ential risk involved in Boeing’s proposal 
with respect to relatively peripheral per- 
formance items.” Evaluators had con- 
cluded the Boeing design would be 
superior to General Dynamics in range 
and bomb carrying-capacitv (AW Mar. 
25, p. 24). 

• Thomas E. Nunnally, GAO staff 
member on loan to the subcommittee, 
said that on the basis of his detailed 
analysis of the contractors’ cost estim- 
ates, “I have seen nothing to indicate 
that there is anything unrealistic about 


Washington— Link Div. of General 
Precision, Inc., has been awarded a 
S9.5-million contract to develop two 
Apollo mission simulators to train 
astronauts at the Manned Spacecraft 
Center in Houston and at the Atlantic 
Missile Range. 

The contract was awarded by North 
American Aviation, prime Apollo space- 
craft contractor. The simulators will be 
equipped to produce sound effects 
simulating booster separation noise, and 
with lighting effects to show the earth 
and moon in relation to each other dur- 
ing mission phases. 

Tire trainers will duplicate what the 
crew will see and hear during pre- 
launch, launch, parking and earth orbit, 
escape injection, coast, circumlunar 
pass, circular lunar orbit, lunar excur- 
sion module separation and rendezvous, 
injection into the trans-earth trajectory, 
coast, re-entry and landing. 

In another Apollo development, it 
was learned that the service module pro- 
pulsion engine has a requirement for 
approximately 50 stops and re-starts. 
This Aerojet-General engine, designated 
AJ10-1 37, is the main propulsion unit 
for Apollo, providing midcourse velocity 
corrections, injection into and ejection 
out of lunar orbit, and small changes in 
the lunar orbital plane (AW Jan. 28, 

p. 26). 

The engine is the first with a man- 
rated requirement to use an ablative 


the Boeing proposal. There is nothing 
I have seen to lead me to believe that 
we could not have bought this airplane 
from the Boeing company cheaper than 
from General Dynamics." 

• Air Force, when challenged by both 
the subcommittee and GAO investiga- 
tors about its F-l 11 estimating stand- 
ards, said its key cost analyst for those 
figures, Earl Crawford, was in ill health 
and could not be questioned. Then the 
night before Comptroller General 
Campbell was to testify, the Air Force 
offered to produce Crawford for ques- 
tioning. But Campbell said it was too 
late and did not pursue it. 

Also, the Air Force is still trying to 
work up figures to justify its estimating 
standards used in the F-l 1 1 evaluations. 
Both the subcommittee and GAO have 
found major errors in the calculations 
done at Wright-Patterson AFB. Air 
Force is now claiming that some of the 
missing supporting documents for their 
projections have been destroyed. Camp- 
bell said he was surprised the Wright- 
Patterson F-l 1 1 evaluators kept no de- 
tailed records and failed to preserve 
carefully what records they did have. 


combustion chamber, and the first with 
a high expansion ratio to use a th in- 
skin radiation-cooled nozzle extension. 
Expansion ratio is 60:1. 

Aerojet said the project feeding the 
greatest amount of information to the 
AJ 10-1 37 is Titan 2, which uses the 
same hypergolic propellant. In addi- 
tion, the company said the Titan pro- 
gram has contributed significantly to 
the Apollo engine injector design. 

The engine operates with a pressure- 
fed system, and the multiple starts are 
accomplished simply by opening and 
closing propellant valves through elec- 
trical signals. Thrust tailoff can be pre- 
dicted. Aerojet said, because the thrust 
chamber is not regeneratively-coolcd. 
and there is no boil-off impulse from 
propellants remaining in the coolant 
tubes. In addition, there is only a small 
volume downstream of the propellant 
valves, and this is the volume which 
dictates the amount of tailoff impulse. 

No preliminary flight rating test will 
be conducted for the AJ 10-137. The 
qualification program will include firing 
both nonnallv and to failure at sea level 
and simulated altitude. 

Radiation-cooled nozzle extension, 
which will experience heat loads of 
2.200F will have a protective coating of 
columbium to prevent oxidation of the 
base material. Titanium alloys are being 
used extensively for the thrust mount 
assembly. 


Link to Develop Apollo Simulators 
For Use at Houston Center, AMR 
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U.S. Seeks Industry Pay Formula 


Washington — Defense Dept, and 
space officials are trying to agree on a 
formula for determining whether salaries 
being paid by their contractors under 
cost-type contracts are exorbitant. 

Elmer B. Staats, deputy director of 
the Budget Bureau, told the House 
Military Operations Subcommittee last 
week that such a formula was needed to 
give government contracting officers a 
yardstick for measuring the salaries in- 
tended to be paid and charged to cost. 
He said the Bureau had no intention of 
asking for statutory salary controls. 

In a report submitted to President 
Kennedy last year, the Budget Bureau 
said "where the contracting system does 
not provide built-in controls— for ex- 
ample, through competitive bidding- 
attention should be paid to the reason- 
ableness of contractors’ salaries and re- 
lated benefits, and contractors should be 
reimbursed only for reasonable compen- 
sation costs. Key question is how to de- 
cide what is reasonable and appropriate 
compensation” (AW July 9, p. 18). 


David E. Bell, then Budget Bureau 
director, said in discussing the report 
before the subcommittee last year that 
"where the comparability standard is 
difficult to devclop-say above the S25,- 
000 salary level— salaries should be per- 
sonally approved by an officer reporting 
directly to the responsible agency head.” 
This aroused fears within the aerospace 
industry that the government was mov- 
ing to establish salary controls. 

An interagency committee represent- 


Nuclear Effects Study 

Program to determine effects of nu- 
clear explosions in the atmosphere on 

sile structures is planned by USAF’s 
Aeronautical Systems Div. Contractors 
are being sought. 

Initiation of the program indicates Air 
Force concern over the effects of large 
nuclear warheads used in Soviet anti- 
aircraft and anti-ICBM missiles. 


ing the Budget Bureau, Atomic Energy 
Commission, Civil Service Commission, 
Defense Dept, and National Aeronau- 
tics and Space Administration has been 
trying to develop the salary yardstick. 
Staats estimated the results of their ef- 
forts probably will be ready within 30 

At the same hearing, Chairman Chet 
Holifield (D.-Calif.) said he was dis- 
turbed that military officers took high- 
paying industry jobs immediately after 
retirement and used their former con- 
tacts to help defense and space firms. 
He said there should be "a two-year 
cooling off period” before former mili- 
tary officers arc allowed to take jobs 
where their military contacts might help 
the contractor. 

Rep. Holifield said a similar period 
should be imposed on members of Con- 
gress after they leave office. He con- 
ceded that imposing such controls on 
the military and Congress would be dif- 
ficult, and added he had no intention 
of introducing legislation at the mo- 
ment. But, he said, "this is a tremen- 
dous problem" which should be studied 
intensively by the government. 
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Army Attack Helicopter Plans Reoriented 


By Larry Booda 

Washington-Armv’s plan for early 
development of an armed escort heli- 
copter has been sidetracked by Army 
Secretary Cyras R. Vance. At the same 
time. Air Force has armed three heli- 
copters with machine guns and is evalu- 
ating them in field trials. 

Vance reasoned that the Army proj- 
ect did not take enough advantage of 
improvements in the state of the art. 
He has ruled that the vehicle now must 
be capable of a combat cruise speed of 
200 kt. instead of the 155 kt. in the 
original specifications. 

Despite its recent caustic remarks 
about armed helicopters. Air Force has 
mounted machine guns on three Kaman 
HH-43Bs and is trying them out in the 
Caribbean jungles. 

These actions preceded a Defense 
Dept.-sponsored vertical and short takc- 
off-and-landing conference held at Rut- 
land AFB. Albuquerque. N. M.. Apr. 
23 and 24. Representatives of the three 
sendees, industry. Defense Dept., Na- 
tional Aeronautics and Space Adminis- 
tration and Federal Aviation Agency 
took part. Conferees discovered that 
the Army and Air Force were prepared 
to compete actively in the V/STOL 
field, but that the Navy and Marine 
Corps wanted to await further dcvelop- 

Steering Committee 

The director of defense research and 
engineering will appoint a steering 
committee in the near future to assess 
various V/STOL proposals and recom- 
mend future missions and the vehicles 
to perform them. Makeup of the 
committee was not announced. 

Defense Dept, officials at the meeting 
indicated that their studies would con- 
centrate on obtaining a light attack 
aircraft, a medium attack aircraft with 
higher performance than the light attack 
aircraft, and transports. The first two 
would correspond to the COIN (coun- 
ter-insurgency) and VAX concepts. 

Cancellation of the armed escort 
helicopter came as a blow to Army 
aviation enthusiasts who had hoped to 
have such an aircraft operational by 
1965. They had received sympathetic 
attention in the office of the secretary 
of defense, especially in the office of 
the director of defense research and 
engineering. Requests for proposals 
had been expected early in February. 

Whether the new specific operational 
requirement of 200 kt. will be met by 
rotary-wing aircraft will be up to 
helicopter manufacturers, an Army re- 
search and development official de- 


Tliis speed is considered pushing the 
helicopter state of the art to the limit. 
At high forward speeds, helicopters are 
affected by stall of the retreating rotor 
blade. If the required speed cannot be 
met by helicopters, then something else 
must be used— perhaps a compound ve- 
hicle using both rotors and fixed wings 
or a VTOL vehicle, the official said. He 
added that the speed requirement was 
increased because the Army believes 
that the helicopter can meet it. 

At present, the Army is using Bell 
UH-1B helicopters armed with machine 
guns for escort duty in South Vietnam. 
It was hoped that a newly developed 
helicopter designed from the beginning 
to perform the mission would be avail- 
able to replace the UH-1B beginning 
in 1965. Now. the earliest estimated 
time under the new requirements would 
be four years after proposals are re- 
ceived. For instance, if evaluation of 
proposals were begun this summer, the 
deployment time would be 1967- 
R8iD Victory 

Within the Army the Vance decision 
is considered a victory for the research 
and development faction. The losers 
arc those in requirements planning who 
wanted faster action. The result will be 
a slower approach to the project and a 
vehicle with improved operational capa- 
bilities. 

Air Force has been outspoken in its 
contention that fixed-wing aircraft are 
better suited to perform the escort 
mission. Its action in modifying the 
HI-I-43B is believed to be an objective 
attempt to test the capabilities of such 
a vehicle against ground forces in 
jungle terrain. 

The three aircraft were modified by 
the Combat Developments Group at 
Eglin AFB. Fla. 


Force intends to claim that it should 
perform the escort job with it. 

At the Albuquerque meeting, the 
Army proposed pursuing applied re- 
search in V/STOL aircraft by having 
flying testbeds representing a number of 
approaches to the problem. This would 
be an extension of current programs. 
Compound vehicles were emphasized in 
the presentations. V/STOL transports 
will be in 3- to 4-ton payload category. 
Army-USAF Battle 

It was clear that the area of close 
support and forward area transport 
would be the principal roles and mis- 
sions battleground between the Army 
and Air Force (AW Jan. 14, p. 26). 
Both sendees have decided to follow 
the V/STOL concept in future close 
air support and to a lesser degree in 
transport vehicles. The secretary of 
defense will have to resolve the differ- 
ences eventually. 

In addition, the Air Force proposed 
a vertical takeoff fighter concept. It 
could be a supersonic aircraft. No spe- 
cific mission or requirement exists now 
for such an aircraft. Air Force will con- 
centrate on a 10-ton payload transport 
capability. 

The “wait and see” stand taken by 
the Navy was influenced by the heavy 
commitment the Navy now has for 
fixed-wing aircraft operating from its 
carriers. Defense Secretary Robert S. 
McNamara had given strong hints in 
congressional testimony that VTOL air- 
craft could fulfill the anti-submarine 
mission in the future, but Navy has 
shown little enthusiasm. 

The Marine Corps has a specific 
operational requirement for an STOL 
aircraft that would act as helicopter 
escort and for close support in jungle 
terrain. The proposed light counter- 
insurgency aircraft would fill the Marine 
Corps’ need. 


If this type aircraft is found to be 
suited for the mission, then the Air 


MA-9 Canisters Returned to Cape 

All three gyro canisters of Atlas 130-D. the booster for Mercury-Atlas 9 (MA-9), 
have been returned to Cape Canaveral. Fla., by General Precision, Inc., the canister 
manufacturer, and have satisfactorily passed all tests to date. 

Canisters, part of the capsule’s autopilot system, were removed when bits of solder 
were discovered in the gimbal blocks (AW Apr. 29, p. 25). Each of the three 
canisters had undergone a rigorous set of laboratory tests by the middle of last week. 

Two of the canisters have been mounted on the Atlas and checked out as part of 
the total launch vehicle system. First set of gyros to be installed on 130-D was 
removed after successful checkout; this is the (light-ready spare canister. Canister 
intended for the actual Bight remained on the booster after successful checkout. 

Third set is subjected only to lab tests and would not be checked as part of the 
launch vehicle unless one of the other two fails between now and May 14, the 
scheduled launch date. did 1 ' 

joint FAC (flight acceptance composite) test of the mated Atbs and Mercury capsule 
by late last week. Capsule and booster were mated Apr. 22. 
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AIR FORCE'S GEN. H. H. ARNOLD is shown sailing on its checkout Cruise, prior to assuming its post on the Atlantic Missile Range. 


First AMR Tracking Ship Begins Checkout 


By George Alexander 

Cape Canaveral, Fla.— First of the Air Force's Advanced Range Instru- 
mentation Ships (ARIS), the Gen. It. H. Arnold, sailed from here last week 
for a two-month checkout cruise prior to assuming its role as the newest 
and southernmost station of the Atlantic Missile Range. 

The Arnold will operate in the vicinity of Grand Bahama Island for the 
next two months, tracking all military and civilian launches in this time 
period and evaluating the performance of its radar and telemetry systems. 


When this checkout exercise is com- 
pleted, the Arnold will steam south and 
take up a position between Ascension 
Island, the last AMR land-based track- 
ing station, and the east coast of South 
Africa, about 10,000 mi. from theCape. 
This is the range limit of present U. S. 
intercontinental ballistic missiles. 

Ships have been used in this South 
Atlantic-Indian Ocean area before, 
usually in conjunction with a specific 
launch or series of launches. These 
vessels lacked the tracking capabilities 
of the Arnold, with its C-. X- and L- 
band radars. 

The Arnold provides the first site, 
fixed or mobile, on the Atlantic range 
able to track multiple targets with 
multiple frequencies. It is, according 
to one engineer, the equivalent of, or 
better than any present land station. 

The Arnold will be able to stay on 
station for as long as seven weeks at a 
time; it will return to the Cape only 
for overhaul. 

Primary mission of the vessel, which 
has been converted by Sperry Gyro- 


scope Co. from a World War 2 troop- 
ship into a floating tracking station 
(AW June 11, p. 101), will be the 
gathering of data on military re-entry 
vehicles and associated decoy and pene- 
tration aid programs. 

In this capacity, it will play a major 
role in the Abres (advanced ballistic 
rc-entrv systems) program (AW Dec. 
10. p. 27), since the ship will be able 

the immediate impact area. 

The ship will be positioned either 


Second ARIS 

Second ARIS (Advanced Range Instru- 
mentation Ship), to be delivered by 
Sperry Gyroscope Co. to USAF this sum- 
mer at Cape Canaveral, Fla., will mount 
an ultra-high-frequency (UHF) radar 
system in place of the X-band system 
aboard the first vessel, the Gen. H. H. 
Arnold. 


broadside or head-on to the trajectory 
plane of a nose cone and observe those 
characteristics of a re-entry vehicle 
which are indices of its effectiveness: 

• Plasma sheatli. 

• Ion enhancement and electron density. 

• Wake turbulence, length and separa- 
tion from the body of the cone. 

• Weight-to-drag ratios. 

• Target size enhancement. 

All of these phenomena are sensitive 
to different frequencies. They reflect 
certain wavelengths well and arc nearly 
invisible to others. The C-band radar, 
a pulse-compression type, will track both 
the C-band beacon (5,400-5,900 me.) 
carried by a re-entry vehicle, as well as 
the skin of the cone. The beacon is a 
research and development item in- 
tended to aid downrange stations in ac- 
quiring the cone. 

C-band radar has two identical trans- 
mitters, developed by Avco Corp.’s Elec- 
tronics Div. Both alternately transmit 
vertical and horizontal polarized beams; 
one tracks while the other gathers data. 
Each generates a l-mw„ 30-microsec- 
ond-long pulse. This is 30 joules of 
energy applied to the target being 
tracked— considerably more energy than 
that generated by any other radar in use 
on the range at present. 

The FPS-16 aboard the Twin Falls 
Victory, a short-range vessel used during 
the Army Pershing missile program, put 
out about 0.25 joules and the land- 
based FPQ-6 between 3 and 9 joules. 
It is this higher energy level which per- 
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mits the Arnold to make more definitive 
measurements of re-entry bodies than 
previously possible at AMR. 

On a nomial flight, radar contact is 
expected to be made with a cone about 
4 min. before impact, well before re- 
entry begins. The C-band radar will lock 
on the re-entry vehicle and, through 
a servo link, drive the X- and L-band 
systems to acquire the cone also. X- 
and L-band transmitters share a 40-ft- 
dia. antenna, with the former using the 
center segment out to a diameter of 18 
ft. and the latter using the remainder 
of the dish. C-band antenna is a 30-ft.- 
dia. parabolic dish. 

Since only the C-band radar is a true 
tracker, loss or failure of it also would 
result in loss of the other two systems’ 
lock-on. A switch device, however, 
would cause the second of the C-band's 
two transmitters to assume both func- 
tions of tracking and data-gathering if 
the first should fail. X- and L-band 
radars also have dual transmitters. 

All three radars on the Arnold are 
of the pulse type and have been devel- 
oped specially for the ARIS program 
by Sperry'. Each has a look angle of 1 30 
deg. on either side of the ship’s center- 
line and may be elevated from 0 through 
90 deg. Slew rate in any direction is 30 
deg./sec. 

Radar Video Recorder 

Radar video recorder, still under de- 
velopment by Federal Laboratories Div. 
of International Telephone & Telegraph 
Corp., and not expected to be installed 
aboard the Arnold until later this year, 
combines the signals received by all 
three radars in digital form on a tape 
for later analysis. A separate tape re- 
corder stores data gathered on the 30-ft.- 
dia, telemetry antenna. A total of about 
140 million bits of data will be taken 
off each ballistic flight. 

Telemetry data will be re-transmitted 
after the flight over a whip antenna to 
a courier aircraft near the ship. The 
lane wall re-record the data and then 
y it to a land station for reduction and 
analysis. Tracking data will be trans- 
mitted over specially developed helical 
antennas (medium- and high-frequency) 
back to Cape Canaveral. 

A high-speed data transmission link is 
not presently funded and. therefore, not 
aboard the Arnold. Tracking data will 
be sent— at least initially— at about 50 
bits per second over a teletype channel. 

Value of the high-speed link is that 
it would allow the Arnold to return 
tracking data in virtual real-time so that 
the Cape technicians could, if necessary, 
send corrective impact prediction com- 
mands to the stage of the missile still 
burning. Range of the radars is suffi- 
cient to pick up a missile as it comes 
over the horizon with an upper stage 
still burning. 

Voice, data and teletype communica- 


tions systems, covering a range of 1 5 kc. 
to 400 me., have been developed by ITT 
to provide high-frequency (HF) chan- 
nels for nonnal voice and teletype, very- 
high-frequency (VHF) and ultra-high- 
frequencv (UHF) channels for 
short-range ship-to-ship, ship-to-shore 
and ship-to-aircraft links, and very-low- 
frequency (VLF) for reception only. 
There are one 10-kw. and two 2.5-kw. 
HF transmitters radiating from the heli- 
cal antennas. 

ITT also developed the high-direc- 
tional telemetry antenna, which can be 
operated either independently of, or in 
consort with, the radars. This 30-ft.-dia. 
dish can receive either wideband signals 
between 200 and 1,000 me. or narrow- 
band signals at 13,000 me. for special 
missions. It has a manual-scan capabil- 
ity, but normally will be aimed at a sec- 
tor where the nose cone can be ex- 
pected, based on pre-computed 
trajectories. It should acquire the cone’s 
beacon first and zero the C-band radar 
in on the target, although the opposite 
mode also is possible. 

The telemetry' antenna can be slewed 
at a rate of 0.5 rad./sec. Telemetry 
signals received by the antenna are re- 
corded on tape in raw (pre-detection) 
form and also re-transmitted in this 
form after the nose cone has impacted 
in the ocean. 

ITT also is responsible for the timing 
system aboard the Arnold. It is syn- 
chronized within 0.01 sec. of Cape 



Canaveral time and is accurate within 
five parts in 10 billion per day. The 
system receives HF signals from the 
Naval Observatory's Station WWV 
at Washington, D.C., and LF signals, 
when out of range of WWV, from 
the National Bureau of Standard's Sta- 
tion NBA, at Washington. D. C.. and 
Boulder, Colo. 

The Arnold also carries a meteoro- 
logical system, including weather rock- 
ets. balloons and conventional instru- 
ments. Rockets are Atlantic Research 
Corp. Areas rockctsondes. One will 
be fired after the completion of each 
mission to gather data on the atmos- 
phere up to an altitude of 125,000 ft. 
All weather data will be used to correct 
anomalies induced by weather in the 
radar recordings received during a nose 
cone flight. 

Data handling system consists of a 
Univac 1206 digital computer and a 
central data conversion and control 
console. All raw data— from radars telem- 
etry antenna and the ship’s guidance 
system— is digitalized by the converter 
and fed into the computer. It can 
either be stored there on tape or used 
in coimputations. The Arnold can 
transmit raw data or computations back 
to the Cape over the HF link. 
Inertial Navigation 

The ship’s inertial navigation system 
(SINS), similar to that used on Polaris 
submarines, establishes an inertial refer- 
ence for all radar and telemetry anten- 
nas. All pointing directions of these 
antennas are referenced to this platform 
and not to local verticals or horizontals. 

In tracking a nose cone, the com- 
puter will receive inputs on the angular 
reflections of the antennas and pitch, 
roll and yaw motions of the ship, as 
detected by the SINS. Later, when 
reducing the data, the ship’s motion 
readings will be extracted from the 
deflections of the antennas so that the 
data will appear to have been gathered 
from a fixed and stable platform. 

Computer serves several functions. 
It is the interface between radars, telem- 
etry and the SINS. It predicts the 
trajectory of the nose cone so that if 
track is momentarily lost, the C-band 
radar will know where to look for re- 
acquisition. It also prepares data for 
re-transmission back to the Cape and 
computes data gathered by a star-tracker 
(part of the SINS) for rechecking the 
SINS’ accuracy. 

For other than re-entry missions, the 
Arnold can be used to track earth 
satellites and space probes. It would 
use only the telemetry antenna and the 
C-band radar for these secondary mis- 
sions. Engineers say that it would be 
more effective in conjunction with 
earth satellites than prohes because of 
the extreme range required for deep- 
space radars. 
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High Orbit, Redesign to Improve Telstar 2 


By Philip J. Klass 

Washington— Improvements in Tel- 
star 2, scheduled for launch this week, 
are intended to make the communica- 
tion satellite less vulnerable to space 
radiation damage than Telstar 1, which 
malfunctioned after about -45 months 

This, coupled with a higher apogee— 
6,560 mi. vs. Telstar l's 3,531 mi.- 
shottld give Telstar 2 a longer operating 
life. 

The higher apogee, made possible 
by an improved Thor-Delta booster, 
will reduce the time Telstar 2 is ex- 
posed to high-intensity electrons and 
protons produced by the July 9 Starfish 

The higher apogee also will provide 
an average of about 50% longer oper- 
ating intervals when the satellite is 
visible to both U. S. and European 
stations, although this will result in 
fewer passes per dav. Orbital period 
will be 221 min. vs. 158 min. for 
Telstar 1. Telstar 2. like its predeces- 
sor. was built by Bell Telephone Labo- 
ratories and the cost of the satellite 
and its launch from Cape Canaveral by 
the National Aeronautics and Space 
Administration will be paid for by 
the American Telephone & Telegraph 
Co. 

Radiation Report 

Telstar 2's orbit is expected to en- 
able it to report on radiation in the 
outer Van Allen belt and the slot 
between the two belts, a region not 
penetrated by Telstar 1. Radiation 
measurement devices on Telstar 2 differ 
from those in the earlier version in their 
range of sensitivity. Where Telstar l’s 
electron detector had a measurement 
range of J to 1 million electron volts 
(mev), Telstar 2 will be sensitive in 
the range from J to 2 mev, and it 
■vill make omnidirectional measurements 
where Telstar 1 was limited to a 20-deg. 
cone. One of three proton detectors 
has been modified to lower its threshold 
sensitivity from 25 mev. to 17, a value 
which Telstar 1 data indicated was the 
most harmful range for solar cells. 

The cause of Tclstar's initial mal- 
function, which prevented ground sta- 
tions from turning on the satellite 
transmitter, has been diagnosed as due 
to ionization of gases and air within 
command decoder transistor cases (AW 
Jan. 21, p. 85). 

To obtain confirmation of this diag- 
nosis, one of the two command de- 
coders in Telstar 2 will use transistors 
in which the enclosure has been evacu- 
ated and sealed in a vacuum to elimi- 
nate this source of damage. 



The operational lifetime of Telstar 
2 is expected to provide a valuable 
measure of the reliability that can be 
obtained in moderately complex space- 
craft payloads with present state-of- 
the-art. Components used in the new 
satellite base undergone far more ex- 
tensive life tests and selection proce- 
dures than those used in Telstar 1. 
Because the initial cost of creating a 
military or civil communication satel- 
lite system and the subsequent annual 
operating costs are heavily dependent 
upon mean - time - between - failure of 


Synchronous Satellite 

Los Angeles— Feasibility of using a 
pin-stabilized space vehicle as a syn- 
hronous meteorological satellite is being 
nvestigated by Hughes Aircraft Co. uil- 
ler a $60,000 contract from the God- 
lard Space Flight Center of the Na- 


Hnghes 


incept for the synchro- 
nous communications satellite applica- 
tion and incorporated it in the NASA 
Svncom satellite program (AW Aug. 20, 
1962, p. 80). In its meteorological 
satellite study, the company will try to 
determine whether a spin-stabilized ve- 

and carrying a camera can perform the 
sion that might otherwise be intended 


Republic Aviation has been w 
inder NASA contract on a synch 
neteorological satellite. 


satellites in orbit, Telstar 2's perform- 
ance will be closely watched both by 
Defense Dept, and by new Communi- 
cations Satellite Corp. officials. 

Telstar 2 will weigh 175 lb., five 
pounds more than its predecessor. Its 
telemetry will report back on the per- 
fonnance of 1 IS items, six more than 
the earlier model. These include meas- 
urements on the command circuit and 
a more precise measure of pressure 
within the spacecraft. The satellite is 
designed to permit telemetry data to be 
transmitted at 4,080 me., the frequency 
used for its tracking beacon as well as 
the customary 136 me. telemetry fre- 

This will permit Telstar 2 to con- 
tinue its telemetry reports beyond the 
two-year period allotted by NASA for 
its operation when the 136 me. bea- 
con will automatically shut down. 
Station Changes 

Several changes also have been in- 
troduced into the AT&T ground station 
at Andover. Me., to improve satellite 
performance. Where formerly the 
giant horn antenna was directed by 
signals from a command tracker, pre- 
cision tracker and magnetic tapes-with 
the horn antenna's automatic tracking 
circuit used only to correct for minor 
alignment errors — automatic tracking 
from the satellite signal itself now will 
he the primary aiming means. 

Future plans call for installation of 
a new low-noise maser amplifier at 
Andover, using a superconducting mag- 
net and closed-cycle cooling system, 
which will increase the receiver’s op- 
erating bandwidth from 25 me. to 
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New power for space will come from America’s first liquid- 
hydrogen engine, the RL-10. This upper-stage powerplant is being developed 
by Pratt & Whitney Aircraft for NASA’s Marshall Space Flight Center. The 
RL-10 is designed to stop and start in deep space, with advanced models offering 
throttle control of power. Pratt & Whitney Aircraft provides design and man- 
ufacturing leadei-ship in power for many applications, in and out of this world. 


Pratt & 
Whitney 
Pircraft 
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“ ‘Curses!’ cried Blackbeard Dan. ‘The lads are escaping!’ But suddenly there was 
an ominous cracking noise. The strain was too great for the retascope shaft!” 

(Adapted from 1S!'2 science fiction) 


Actually, this craft could never have 
left the ground— except in science 
fiction. Even if the design had been 
right, materials with high enough 
strength-to-weight ratio to make it 
airworthy just didn’t exist in 1892. 

Today an aircraft engineer can find 
materials to cope with almost any 
condition of stress or torque he may 

owe their properties largely to Nickel. 

The new managing nickel steels, 
for example, have strength-to-weight 
ratios of around 1,000,000 to 1. 


They’re the ideal answer to many of 
aerospace's toughest problems — in- 
cluding solid-fuel rocket cases. And 
when it comes to rotor shafts, the 
300,000 psi tensile strength combined 
with high toughness can substantially 
increase payloads. 

The heat treating of mat-aging 
nickel steels is simple. No quench is 

ciently in field welded fabrications or 


repairs. Machining is on a par with 
AISI 4340 steel. 

If strength-to-weight — or high 
toughness, or difficult heat treating 
— is your problem, one of the manag- 
ing nickel steels may well be able to 
help. Managing steels are available 
at three nominal strength levels: 200, 
250 ttnd 300 ksi i 300,000 psi > . We’ll 
be happy to send you complete engi- 
neering data on them. Write or call: 
THE INTERNATIONAL NICKEL COMPANY. INC. 
(17 Wall Street ^NCO^ New York 5, N. Y 


U S AF to Propose Long-Endurance Aircraft 


Washington— USAF proposal to build a multi-purpose, long-endurance 
aircraft (Maple) will be submitted soon for Defense Secretary Robert S. 
McNamara's approval. 

McNamara's conviction that the next generation of strategic aircraft must 
be missile-launching platforms that can stay aloft for days at a time prompted 
the Aeronautical Systems Div. at Wright Patterson AFB to resurrect and 
refine the Dromedary concept into a definite proposal (AW Feb. 18, p. 40). 


Air Force Systems Command and the 
Strategic Air Command have been in- 
volved in Project Maple for several 
months. Next step is for the Aeronauti- 
cal Systems Div. to send the proposal 
to Air Force Systems Command, which 
will then forward it to the Pentagon. 
Air Force officials estimate the proposal 
will reach McNamara in about two 
months. 

As Project Maple sets forth specific 
requirements for the long-endurance air- 
craft, Air Force would be able to solicit 
industry bids almost immediately if 
McNamara approves. The attitude of 
Congress toward building another gen- 
eration of strategic aircraft before plac- 
ing primary reliance on ICBMs is ex- 
tremely favorable, as demonstrated by 
repeated lopsided votes urging extending 
the life of manned bombers. 

McNamara’s Stand 

In refusing to expand bomber de- 
velopment beyond the three-aircraft 
USAF-North American RS-70 program, 
McNamara has argued that land sites 
and submarines are far better missile 
launching platforms than aircraft. How- 
ever, he has displayed interest in aircraft 
that could achieve some invulnerability 
by staying aloft for extended periods to 
avoid being destroyed on the ground bv 
a surprise missile attack. 

As for future bombing requirements, 
the defense secretary contends these can 
be fulfilled by tactical fighter-bombers 
such as the existing McDonnell F-4B 
Phantom 2 and the planned General 
Dynamics-Grumman Fill (TFX). 
This is his answer to congressional 
charges that the U.S. will have no 
strategic bombing capability once the 
Boeing B-52s and Ccncral Dynamics 

"I do not know any responsible 
civilian or military leaders in the De- 
fense Dept.," McNamara told the 
Senate Defense Appropriations Sub- 
committee, “who believe we can use 
free-fall bombs as a means of delivering 
warheads on the Soviet targets in the 
decade of the 70s. . . Airplane launch 
of a missile is the most complicated 
way to launch a missile because the 
airplane is moving rapidly, changing 
dimensions rapidly in a three-dimen- 
sional environment. . , So there is no 
question in my mind that it is far easier 


and far more reliable and far less costly 
to develop either a sea launch platform 
or a ground launch platform for the 
launch of missiles. The use of aircraft, 
if they are used at all for the delivery of 
warheads for strategic purposes, must 
be used in conjunction with missiles.” 

This writing off of the aircraft as a 
strategic weapon still worries several in- 
fluential members of Congress, despite 
the numerous explanations McNamara 
has given in both closed and open hear- 
ings this year. Some call his rigid policy 
against extending the life of manned 
bombers "Maginot Line" thinking. This 
criticism probably enhances the chances 
for Project Maple, because McNamara’s 
approval would ease the minds of those 
who feel the U. S. is relying too heavily 
on unproved missiles. 

USAF Chief of Staff Gen. Curtis Le- 
May, discussing the Dromedary concept 
in recent hearings, told Congress: “We 
think we can build one now that will 
fly 48 hr." Air Force Secretary Eugene 
Zuckert said his service’s basic philos- 
ophy is that "there will be a require- 
ment for a manned system” beyond the 
Boeing B-52 bomber, "and we should 
get on with it." 

An exchange between McNamara and 
Chairman A. S. Monroney (D.-Okla.) 
of the Senate aviation subcommittee, 
during discussion of the Fiscal 1964 
defense budget on Apr. 25. demon- 
strated very clearly how the defense sec- 
retary feels about the future of stra- 
tegic aircraft. Following is part of that 
exchange: 

Sen. Monronev. I am very disturbed be- 
cause you have spoken in the hearings 
about the fact that we may fight a con- 
ventional war. If we find ourselves at 
close quarters in Western Europe and 
it is held to non-nuclear, we do not 
have any ICBMs or IRBMs that arc 
worth a tinker’s dam for carrying con- 
ventional warheads, do we? 

McNamara. Absolutely not. 

Sen. Monroney. So if we let our manned 
bomber forces become totally obsolete, 
and it is becoming more that way more 
and more each day. will we have a re- 
sponse to non-nuclear threat with our 
air power? Granted we have it with the 
B-52s, B-47s today and some of the 
B-58s, but some of these are getting 
pretty darn old. I doubt very seriously 


if you are going to be very satisfied with 
a B-52 in the year 1968. 

McNamara. The 47s, 52s and 58s were 
never really intended for use in the 
carrying of conventional ordnance. As 
a matter of fact, most of them do not 
have any capability for that. At the 
time of the Berlin crisis we purchased, 
if I remember correctly, 250 sets of 
bomb racks for conventional ordnance in 
B-47s, but it was just a one-time emer- 
gency use. There has never been any 
real intention to use that type of 
bomber for conventional ordnance-carry- 
ing purposes. But we do have great 
capability for bombing with conven- 
tional ordnance from our F4I4s [F-4B]. 
which are the backbone of the Naval 
fighter force. 

Sen. Monroney. It is still a tactical 
bomber? 

McNamara. Yes, but it would be the 
kind of bomber that you would use in 
conventional war if you entered such 
war on any extensive bombing scale. 
Similarly, the TFX, which will be the 
follow-on to the F4II, will be both a 
nuclear and non-nuclear bomber with 
a bomb load capability something on 
the order of 1 5,000 lb. and with rather 
extended ranges, substantially greater 
than the F4H. 

Sen. Monroney. That is not a strategic 
range? 

McNamara. No. 

Sen. Monroney. You could not stand 
off out of danger. 

McNamara. I think it very unlikely that 
we would utilize strategic weapons with 
conventional warheads. 

Monroney Opinion 
Sen. Monroney. Granted you have 
grave doubts about the RS-70. Many 
of us have some doubts about it being 
a good weapons system. But we ought 
to have something. I think, on the draw- 
ing boards or being tested to be in be- 
tween this [existing bomber fleet and 
the RS-70]. Maybe we do not have to 
go to Mach 5 to get a good bomber. 

think, canlisc aMs? 01*1957’ planeln 
the year 1968 and sav we do have the 
conventional . . . manned bomber capa- 
bilities. I just wonder why the military 
services have not had some blueprints 
made and a prototype or two of some- 
thing between the RS-70 and our rap- 
idly aging B-47s. B-52s and B-58s. 
McNamara. I think the Air Force is 
inclined to believe that to the extent 
that a manned aircraft would be used 
for strategic purposes in the future, 
it should be equipped with missiles and 
stand-off missiles. Probably [the air- 
craft would be] long endurance, because 
the aircraft launch platform is highly 
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Titan 2 Launched From Silo at Vandenberg AFB 

Titan 2 intercontinental ballistic missile leaves silo at Vandenberg AFB. Calif., to start on 
a 5,000 mi. flight down the Pacific Missile Range Apr. 27. Launch silo was H6 ft. deep. 
Launch was jointly conducted by members of Air Force Systems Command, Strategic Air 
Command and by employes of the Martin Co., missile manufacturer. 


vulnerable on the ground to missile 
attack. If we arc talking of a period 
toward the latter part of this decade. 
1968-70, into the following decade, we 
must anticipate that submarine-launched 
missiles or others coining with very 
little, if any, warning will very probably 
destroy the majority of aircraft on the 
ground. Therefore' if aircraft launch 
platforms are to survive, they must be 
in the ait to survive. Hence, the Air 
Force is examining the possibility of 
a long endurance aircraft for the launch 
of stand-off missiles. 

Sen. Monroncy. It seems to me we are 
gambling more than we should gamble 
in not at least having one plane proto- 
type. [developed] and tested, that we 
could afford to mass produce in quan- 
tity in the event that we are faced with 
a situation that would still demand 
[such an aircraft], as modern warfare 
demands a torpedo boat. 

McNamara. The problem is one of 
finding a system that is not so compli- 
cated that its reliability is in question. 
Air Force is seeking to meet problems 
of mating a reliable missile, reliable 
guidance system and survivablc launch 
platform . . . we are working on it. 1 


do not know whether we are going to 
come up with anything that will be 
successful . . . The Air Force is defi- 
nitely considering it. I asked them in 
a memo last October to give thought 
to this. They are doing so ... I think 
it is important to recognize that these 
air launched missiles under the best of 
circumstances would be only supple- 
mentary devices to the main force; the 
great megatonnage of the force that 
will be delivered by land-launched or 
sea-launched missiles under any cir- 
cumstances. There is no plan in the 
Air Force that I know of. or no thought 
of any plan, to substitute air-launch 
for sea and land launch for the great 
bulk of the mcgatonnqge. 

Sen. Monroncy. But we are still going 
to keep interceptors and DEW Line 
and Pine Tree and everything . . . 
[for Russian aircraft which might fol- 
low] ... a missile attack . . . 
McNamara. However, the latest na- 
tional intelligence estimates indicate 
there will be a decline in the Soviet 
bomber force and one far earlier than 
a decline in our force. 

Sen. Monroncy. I would still like to 
see a development of a good fast plane 


somewhere between Mach 1 and 2 with 
bomb-carrying capability, both conven- 
tional anti nuclear, to replace these 
very reliable and effective and success- 
ful bombers that have helped keep the 
peace of the world in the past. We 
never had to fight a war with ICBMs. 

I hope we never do. I hope they will 
all work perfectly as they arc designed 
to do. But I still would like to have 
that extra reserve, and a good modern 
aircraft, which would be even a frac- 
tional part of what it would cost to 
design an airborne missile that would 
be mounted on the airframe itself. 
McNamara. We may well be able to 
bring such a program to you next year. 
Sen. Monroncy. It is getting later than 
you think . . . 

McNamara. . . . There is no proposal 
in the Air Force or anywhere else in 
the Defense Dept, to my knowledge 
to undertake further development of 
conventional bombers. There are pro- 
posals under way to develop the possi- 
bility of launching nuclear warheads 
from aircraft. It is those, 1 think, we 
will continue to work on and hopefully 
accomplish some of the objectives you 
have in mind. 

Sen. Monroncy. Would you say with 
the state of the art in miniaturization of 
a nuclear package that there would be 
a possibility of obtaining perhaps a 
Mach 3 small bomber that would get 
through that would be more practical 
than a huge plane that is sort of de- 
signed to be a super dreadnaught? In 
other words, to have 10 trying to get 
through rather than one, and maybe 
your investment being no greater in 
the 10 than in the one? 

McNamara. I think it would be the 
conclusion of the experts on this subject 
that for strategic bombing purposes, 
and bv that I mean against the heart- 
land of an attacker, it would be neces- 
sary, no matter what the speed of the 
bomber, to launch standing off from 
the target at a considerable distance 
because of the weight and mass and 
accuracy of the air defense. 


Cosmos 16 Launched 

Moscow - Soviet Union announced 
that Cosmos 16 was launched Apr. 28 
into an orbit ranging from 248.6 to 128.3 
mi. The satellite, whose purpose was 
described as “continuing space research,” 
was orbiting the earth every 90.4 min. 
at an inclination of 65.01 deg. to the 
equator. It reportcdlv was transmitting 
on a frequenev of 19.996 me. 

Cosmos 16 is the eighth satellite in 
tile Cosmos senes to be launched at a 
65-dcg. inclination, probably from Tvu- 
ratam cast of the Aral Sea (AW Apr. 
29. p. 22). It was the sixth Soviet space 
launching this year, as compared with 
nine for the U. S. 
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‘Intuitive’ Nuclear Carrier Study Rejected 


Washington— Defense Secretary Rob- 
ert S. McNamara has told the Navy it 
was “intuitive" rather than “quantita- 
tive" in its most recent attempt to 
justify nuclear-powered aircraft carriers, 
and has told it to try again. 

The study was part of an over-all 
review of fleet striking power and air 
defense by a sea-based strike forces 
study group (AW Apr. 15, p. 37). 

As part of its study of the tactical 
mission area, this group also has ordered 
flight tests of low-level penetration 
methods, which will force the air force 
to defend its own low-level mission 
concepts. Both services agree on the 
low-level approach to avoid increasingly 
improving radar detection. But they 
disagree on the best altitude for avoid- 
ing detection without making too 
severe a demand on terrain clearance 
radar. Navy has chosen 150 ft. as the 
optimum altitude while Air Force pre- 
fers 500 ft. 

An eight-page memorandum signed 
by McNamara not only ordered the 
Navy to conduct another study of nu- 
clear carriers but gave detailed instruc- 
tions on how to prepare the information 
so it would satisfy defense cost-effective- 
ness requirements. 

Vice Adm. William A. Schoech is 
chairman of the study group and of its 
air strike panel. Rear Adm. John B. Col- 
well is chairman of the panel studying 
nuclear power. The latter panel, com- 
posed mostly of officers from the Navy’s 
Long-Range Objectives Group, which 
Adm. Colwell heads, was the target of 
the McNamara memorandum. 

Original Task 

The study group originally had been 
told to assume that a certain unspecified 
sum would be available through 1970 
for aircraft carriers. It could choose a 
figure which it thought would provide 
enough carriers to maintain force levels 
for the period. Its task was to show 
comparative performance of nuclear- 
powered carriers and conventionally 
powered carriers. 

For example, it could use the western 
Pacific area around Southeast Asia to 
show comparative operating efficiencies 
because the factor of distance combined 
with logistic support is almost at its 
limit there. 

The studies submitted included some 
of these comparisons, but did not in- 
clude detailed figures for a number of 
alternative situations, such as varying 
times of deployment in the operational 
areas and intensity of operations. Thus 
the "quantitative” factor was missing. 

But the fundamental McNamara ob- 
jection was that the group compared 
equal numbers of nuclear-powered and 


conventionally powered carriers. 

The McNamara memorandum 
pointed out that for a given sum of 
money, fewer nuclear-powered carriers 
could be bought. The proportion might 
be three conventionally powered carriers 
matched with two having nuclear power. 
This would be the figure if nuclear 
power increased carrier cost by one- 
third. If the increase in cost were 20%, 
which the group believes could be 
achieved by using four reactors instead 
of eight and newer, more efficient 
plants, then the comparison would be 
about six conventional carriers against 
five with nuclear power. 

The group will have to conduct de- 
tailed war games on computers using 
a number of different "scenarios” rep- 
resenting varying operational conditions 
to provide the detailed statistics de- 
manded by McNamara. 

By contrast, the air strike panel stud- 
ies have had smooth sailing as far as 
the office of the secretary of defense is 
concerned. There have been daily con- 
sultations with a defense representative 
who is a member of a steering group, 
which helps to assure favorable consid- 
eration of study results when they are 
submitted sometime after May 15. 

The air strike panel has studied many 
different types of missions, but low- 
level flight has received most of its 


attention. Improvements in Russian 
radar, which also is in the hands of the 
satellite countries, is expected to make 
high-level penetration of an enemy- 
controlled area unfeasible after 1964. 

The Navy studies showed that 150 
ft. was an ideal altitude, well within the 
capability of clearance radars now being 
installed in the Douglas A-4E attack 
aircraft and the McDonnell F-4B 
fighter. To see whether the studies are 
correct. Navy's Experimental Squadron 
Five is now flying low-level missions 
against ground radars with F4Bs. 

Air Force Tests 

Because it has said that 500 ft. was 
the optimum altitude, the Air Force 
will be told by Defense Dept, that 
it, too, should run comparison tests. 
They are expected to begin soon. No 
determination has been made of what 
aircraft will be used. 

Behind the Navy’s studies to justify 
nuclear power for carriers and other 
large ships is the fact that Vice Adm. 
Hyman Rickover, the Navy's nuclear 
power expert, has convinced McNamara 
that oil power is obsolete for large ships. 
But McNamara wants to be shown 
figures to support this view, especially 
for the purpose of convincing Congress 
when another nuclear-powered carrier 
is included in budget requests. 
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Soviets Parade Missile Arsenal; 
May Day Speech Takes Softer Line 

By Herbert J. Coleman 

Moscow-Soviet defense establishment, in an eleven minute segment of 
a three-hour May Day parade, last week rolled its now well established 
missile armory at 30 mph. through Red Square past honored guest Cuban 
Premier Fidel Castro. 

Hardware ranged from the now aging Shyster missile and its follow-on 
version, the Sandal which was deployed in Cuba, to the newest weapon on 
display, the Polaris-type ballistic missile code named Snark (AW Nov. 26, 
p. 34). Snark was first shown in Moscow during last November’s anniversary 
celebration of the Bolshevik Revolution. 


and during his talk said USSR is waging 


No major modifications were evident 
on the Snark, but the May Day parade 
included a second identical missile. 
Both were drawn by a prime-mover 
based on the Soviet T-54 tank, with 16 
sailors on bench seats. 

Other missiles which took part in 
display, all of which were shown in 
past parades, included: 

• SA-2 and SA-3 Guideline anti-air- 
craft missiles. SA-2 is radar guided with 
an operational height of about 80,000 
ft., and SA-3 is designed to attack low- 
flying aircraft, similar to the U. S. Hawk 
missile. There are at least 24 SA-2 sites 
in Cuba. 

• Shaddock missile, which is hauled in 
a cylindrical container of which no de- 
tails are available. Cylinder is about 35 
ft. long and apparently serves as a launch 
tube: entire unit is hauled by a truck 
and the missile itself rests on a four- 
wheel trailer. Forward section of the 
cylinder is open, disclosing only a 
pointed, red nose cone. 

• Number of small trucks mounting 
wire-guided Snapper missiles (AW Mar. 
11, p. 92) each with crucifonn wings 
about inidsection, and used as anti-tank 
weapons. Missiles are mounted on car- 
rier's aft-section in a bank of three. 

• Usual array of unguided artillery 
rockets mounted on tank chassis. The 
artillery weapon has six fixed fins and is 
spin stabilized in flight. 

Military section was first reviewed by 
Soviet Defense Minister Rodion Mal- 
inovsky. Three sendee attaches from 
the U. S. Embassy as well as Ambassa- 
dor Foy D. Kohler and top aides were 
missing from Red Square because of 
Castro's presence and a feared possi- 
bility of remarks being made which 
could cause “embarrassment.” 

Following standard Soviet May Day 
practice, the only speech was made by 
Malinovsky who took a surprisingly soft 
line considering his rocket rattling out- 
burst at the Red Army Day celebration 
earlier this year. 

The Defense Minister addressed the 
Moscow garrison, commanded by Gen- 
eral Beloborodov, from the mausoleum 


a persistent Struggle for general and 
complete disarmament, under what he 
called strict international control, for a 
ban on production and tests of nuclear 
weapons and for a negotiated settlement 
of all questions at issue. 

However, Malinovsky continued, the 
USSR considers that the danger of a 
new world war is not over and stressed 
that the current international situation 


demands that the Soviet Union increase 
in every way the economic and armed 
might of the nation, keeping its forces 
in full combat readiness. 

He also said: 

"Reactionary circles of the U. S. and 
their satellites are carrying on an ag- 
gressive policy, espionage and are or- 
ganizing different aggressive blocs such 
as NATO.” 

In addition Malinovsky charged the 
U. S. with carrying on a policy of ag- 
gression and provocation towards Cuba, 

“The Soviet army, together with 
armies of other socialist countries, is 
going to give a decisive and complete 
defeat to any aggressor if he dares to at- 
tack the peace, freedom and indepen- 
dence of the USSR and other socialist 
countries.” 

Opening the May Day military dem- 
onstration was a marching unit of para- 
troops followed by a line of light tanks, 
all with paratroop insignia. Annv sec- 
tion included a number of heavy tanks 
and field guns, and unguided rockets. 

Parade closed with Sandal and Shys- 
ter missiles with nozzle sections closed 
off by covers. There were no external 
changes in the weapons. 
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Washington— Communications Satel- 
lite Corp. will award study contracts 
in the near future to help determine 
what type of system should be estab- 
lished, ' Leo Welch, chairman of the 
corporation, and Joseph V. Charyk, 
president, told a House space subcom- 
mittee last week. 

Value of each award will be in the 
area of 5500,000 to 51 mfflion. 

The system will be random-orbit, low 
or medium altitude, with satellites gen- 
erally patterned after the Telstar or 
Relay experimental projects. This is 
the type system that has been favored 
by National Aeronautics and Space Ad- 
ministration and Defense Dept. (AW 
Apr. 15. p. 27). 


Comsat Terminal 

Three aerospace companies have been 
selected by Army for program definition 
phase studies of the transportable 
satellite communications link terminal 
(TSCLT) to be used in conjunction with 
Defense Dept.’s medium-altitude com- 
munication satellite. 

The three firms are Hughes Aircraft, 
Radio Corp. of America and Sperry Rand 
Corp. 


Under questioning, Charyk ruled out 
a high-altitude synchronous system for 
the private profit-making corporation 
until after booster technology for launch- 
ings is perfected by the federal govem- 

"Rather detailed studies will have 
to be made of the various technical 
approaches to a world-wide commer- 
cial communications satellite system," 
Charyk said. "In addition to evaluating 
the time schedules, technical risks and 
costs of various approaches, related 
economic analyses will have to be con- 
ducted to detennine the specific course 
which will be most attractive from a 
combined technical and economic point 
of view. During this phase there will 
also have to be detailed discussions with 
other countries who may become par- 
ticipants in the ownership, operation 
and use of the total system . . . Under- 
standings with such countries will at 
least have to be developed to the point 
where the extent of foreign financial 
participation is reasonably well defined, 
in order that the financial requirements 
of our own corporation can be devel- 
oped in an adequate fashion" (AW 
Apr. 22, p. 74). 

Welch estimated that stock would 
be floated in about 15 to 18 months. 


Half the stock will be offered to the 
public, and half reserved for communi- 
cations common carriers. The maxi- 
mum price established by law is 5100 a 

Welch told the subcommittee, headed 
by Rep. William Fitts Ryan (D.-N.Y.), 
that he thought a world system could 
commence functioning by 1967. “We 
say 'commence' because at the outset 
its coverage would probably not be glo- 
bal but would rather be limited to the 
more populous areas such as Europe, 
Japan, and possibly Latin America 
where traffic is expected to be sufficient 
to justify the construction of ground 
stations . . . ,” Welch said. 

On the prospect for profits, Welch 
commented that “if a system can be 
established within a reasonable cost 
range, and if the satellites have the 
lifetimes predicted, a modest profit 
position can be attained sometime be- 
tween 1969 and 1971 with the corpo- 
ration at the same time fully discharging 
its large responsibilities to the govern- 
ment and the public.” 


News Digest 


General Electric has established an 
Advanced Engine and Technology 
Dept, under its Flight Propulsion Div. 
It will be headed by Fred O. MacFce, 
Jr., and do work formerly done by the 
Flight Propulsion Laboratory Dept.. 
which is being discontinued. David 
Cochran, former manager of the labora- 
tory department, was named manager of 
nuclear space applications, reporting di- 
rectly to Jack Parker, vice president of 
GE's aerospace and defense group. The 
lab department’s nuclear materials and 
propulsion operation has been trans- 
ferred to the company’s advanced tcch- 

Hereulcs Powder Co. will produce 
the propulsion system for the Army- 
Martin Nike X Sprint anti-missile mis- 
sile system. Hercules program manager 
will be Richard Winer. 


Brazil will study equatorial iono- 
spheric characteristics bv monitoring 
U. S. satellite transmissions at three 
sites straddling the equator under terms 
of a bilateral agreement signed by U. S. 
and Brazil. U.S. will launch Brazilian 
equipment to measure differential Dop- 
pler, group delay and Faraday rotation. 

Twenty-seven Mirage 3C jet inter- 
ceptors were shown for the first time in 
mass flybys at Haifa last week during 
Israel’s Independence Day celebration. 
Israel is reported to have ordered 96 of 
the supersonic, delta wing jets. 
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AIR TRANSPORT 


State’s International Air Role Increased 


Department’s aviation unit elevated in reorganization, 
will govern U. S. aviation dealings with other nations. 

Washington— State Dept.’s plan to elevate the status of its aviation division 
will strengthen the U.S. position in international civil aviation negotiations 
with foreign nations, and could result in a larger role for the State Dept, 
in the establishment of rates and fares. 

The reorganization, scheduled to take effect next month, is expected to 
bring an end to the three-way conflict over international transportation juris- 
diction that has involved State, the Civil Aeronautics Board and Federal 
Aviation Agency. The change will definitely dwarf the FAA administrator's 
role as special adviser to the President on international aviation matters, and 
will re-fortify State Dept.’s role in the handling of bilateral agreements. 


CAB’s 3-2 decision to reject the In- 
ternational Air Transport Assn, fare 
boost on round-trip transatlantic tickets 
(AW Apr. 29, p. 34) was a direct result 
of State Dept, pressure, in compliance 
with the new policy on international 
aviation which, with few exceptions. 
State Dept, has endorsed. Under the 
reorganization. State Dept, will have 
even a stronger say on such matters, and 
could— through legislation— assume full 
authority over negotiations with foreign 
nations on international fares, although 
this is not currently contemplated. 

Allen Ferguson, of the Rand Corp., 
will head the new office, which will also 
handle such matters as communications, 
shipping and foreign trade. The office 
will be directlv under the assistant secre- 
tary of state for economic affairs, about 
two echelons above the position the 
current aviation division now holds. 
Ferguson will report directly to Philip 
H. Trezise, deputy assistant secretary, 
who is now in Europe with CAB Chair- 
man Alan S. Boyd. 

Present office of transport and com- 
munications will be disbanded and its 
present chief, Edward A. Bolster, who 
in the past has been handling bilateral 
negotiations, will be transferred to a 
post in Sydney, Australia. The reorgan- 
ization was undertaken as a result of 
an organizational study conducted by 
the Budget Bureau. 

The change coincides with a deadlock 
in the current U.S. fare dispute with 
European nations that may bring about 
some change in the IATA rate-making 
machinery. There is only a slight chance 
that negotiations of international rates 
will be removed from the IATA traffic 
conference entirely and be taken over 
by governments, but there is every indi- 
cation that governments will play a 
stronger role in the future establishment 
of tariffs. 

State Dept, is determined to keep 


international rates at the lowest possible 
level. Boyd has agreed, on grounds that 
lower fares are a key factor in the new 
international policy. The Board legally 
could have called a full summary hear- 
ing to determine whether or not foreign 
air carriers operating into the U. S. with 
higher fares would be contrary to the 
public interest, but since the policy 
calls for "persuasion” and not “coer- 
cion” in dealing with foreign nations, 
no such move was made. 

Meanwhile, there were signs in Lon- 
don that the U. S. was capitulating un- 
der European pressure for the higher 
fares. European carriers have decided 
formally to adopt the high fares May 1 2 
in accordance with instructions from 
their governments. 

Late last month, Boyd offered a com- 
promise that would permit reduction of 
the round-trip discount, but would re- 
duce one-way transatlantic fares by $10, 



minimizing the increase for the total 
round-trip fare. The British government 
had not accepted the compromise pro- 
posal as of late last week, and gave every 
indication that it would expect both 
TWA and Pan American to charge the 
new rates beginning May 12 on flights 
into London. 

Although the first meeting of repre- 
sentatives of the U. S. and other govern- 
ments on the fare issue was unsuccess- 
ful, the 16 nations involved agreed to 
hold another conference, probably later 
this year, Boyd said. They agree on the 
"need for closer and more frequent con- 
sultations between governments” as a 
means of resolving differences in inter- 

Thus. it now seems certain that gov- 
ernments and their carriers will cooper- 
ate more closely in settling fare ques- 
tions in advance of the IATA traffic 
conferences. Boyd said he felt the 
London meeting was profitable, since 
the U. S. succeeded in clarifying for 
other governments the statutory require- 
ments of CAB procedure. 

"We made it clear that the U. S. 
would not undertake any resentful or 
vituperative comments or acts if our 
carriers arc forced into situations not to 
our liking,” he said. At present, neither 
the Board nor State Dept, has authority 
to force U. S. carriers to retain the old 
fares, but legislation has been proposed 
to empower the Board to control inter- 
national fares pertaining to passage to 
and from the U. S. 

Meanwhile, Boyd and Trezise left 
London last week to present the new 

K ’icy to the European governments. 

ey were to visit Paris and Rome last 
week, and Bonn, The Hague and 
Copenhagen this week. The 600-page 
document they will use in explaining 
the new policy to the European govern- 
ments has not been seen by U. S. car- 
riers, although two airlines have already 
publicly given it their strong support. 

Last week. Sen. Clifford Case (R.- 
N. J.) said he will reintroduce legislation 
calling for a Dept, of Transportation in 
hopes of correcting some of the inequali- 
ties in the varying size of subsidies 
granted to the different modes of trans- 
portation. 

Before the reorganization of the State 
Dept, transportation division was un- 
dertaken, strong consideration was given 
to placing the division head at a high 
diplomatic level. But it was felt that 
other industries with international in- 
terests would rightfully clamor for 
similar recognition. 
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Delta DC-9 Financing Plans 

New York— Delta Air Lines will finance its order for 15 Douglas DC-9 short- 
haul jet transports (AW Apr. 29, p. 33) on the basis of cash derived through depre- 
ciation accruals. 

The DC-9 order involves S55 million, including spares. Deliveries are to begin 
in 1966. 

Depreciation during 1964-66 will total S56 million, and tax deferrals and net 
income will provide another S13.5 million over the same period if revenues meet 
expectations, according to Todd G. Cole, Delta's executive vice president-adminis- 
tration. This will exceed by S46.5 million the required loan repayments of S23 
million scheduled in the next three years. 

"Any additional financing necessary fur the DC-9 program should therefore be 
readily arranged,” he said. 

Cole said the DC-9 will be used primarily as a replacement for Delta's DC-6 and 
DC-7 aircraft. 

Seating will be 65-70, and the planes arc being designed for two-man cockpit 
crews. However, space is allotted for a third crewman, who would be required if. 
during design, the DC-9's gross weight grows from its present 77,500 lb. to more 
than 80,000 lb. 

Delta sees a continuing need for its 21 Convair 440s. The carrier feels that the 
DC-9 and the British Aircraft Corp. BAC 111, with their seating capacity and less- 
spares cost of S3 million each, are too large for Delta's short feeder routes, he said. 

Transition to the short-haul jet will be more orderly than it was for the first 
family of jets. Cole said. 

Cash generated prior to 1966 will ease the financing impact. The short-haul jet 
will not be a prime competitor in major markets and thus will not provide the airlines 

The seating capacity will not be significantly greater— and in some cases will be 
less— than the equipment it will replace, he added. 


Delta April Traffic Increases 25%; 
General Gain Seen for Carriers 


By James R. Ashlock 

New York— April traffic for Delta Air Lines increased 25% over last year- 
exceeding the carrier’s forecast for the month— and an informal poll by Delta 
of other airlines indicates an over-all 10-12% rise in passenger volumes. 

"It’s too early to be sure this is a definite upward trend," Todd G. Cole, 
Delta's executive vice president-administration, told the New York Society 
of Security Analysts last week. 


“We had the benefit of the Easter 
holiday traffic, but we had Easter last 
year in April, too,” he said. "The gen- 
eral psychology of the country is better 
today. Although some segments of the 
economy are draggv, the general econ- 
omy continues to do better and will 
probably keep on doing so, particularly 
with federal spending remaining at high 

Though Cole indicated prospects ap- 
pear better for the airlines, he added, 
"six months from now could prove me 

Cole said he felt, however, that the 
general financial status of the trunkline 
industry was good, and he criticized the 
insistence of some carriers that a de- 
pressed condition exists which necessi- 
tates mergers. 

“The trunkline industry is on firmer 
financial ground now than at any time 
since the initial commitments for jets,” 
Cole said. 


In 1962, operating profit for the 1 1 
domestic trunklines was $116 million. 
Cole said, five times the operating profit 
realized in 1961. 

“The system net profit for the 11 
trunklines in 1962 was S28.693.000 
after interest, taxes and all other 
charges, as compared with a net loss of 
$37,700,000 in 1961— an improvement 
of $66.4 million." 

"The system return on investment 
for the H eathers exceeded 5% in 1962 
—admittedly only half of the rate estab- 
lished by the Civil Aeronautics Board 
as fair and reasonable, but far above the 
level that the prophets of doom would 
have you believe prevails," he said. 

Cole said his figures are higher than 
those reported by the carriers to the 
CAB. Eight of the 11 airlines, he said, 
have operations outside of the U. S.. 
but these eight report only the results 
of domestic performance. While only 
$76 million in operating profits was re- 
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ported on domestic sen-ices, another 
$40 million was realized on interna- 
tional and territorial routes. The $116 
million operating profit is the true figure 
in which stockholders and investors 
are interested. Cole said. 

"The aggregate profit was $137 mil- 
lion for the nine trunklines excluding 
Eastern and Northeast, the only two 
reporting system operating losses in 
1962,” Cole said. "This doesn't sound 
like an industry on the brink of financial 
disaster.” 

Cole blamed American Airlines and 
Eastern Air Lines for fostering the air 
of depression in an attempt to justify 
their proposed merger. 

Cole expressed no sympathy for 
Eastern’s claim that its financial 
troubles stem from the excessive com- 
petition to which it has been exposed 

“It is incredible that anyone inti- 
mately familiar with our industry could 
suggest that Eastern's routes cannot be 
operated successfully," he said. "That 
basic route system proved the most 
profitable in the country for almost a 
quarter century." 

Delta's analysis of Eastern’s operation 
as outlined by Cole indicates that East- 
ern’s difficulty is due not to competi- 
tion, but to that carrier's failure to at- 
tract a pro rata share of the available 
traffic. 

In the first half of 1962, Cole said. 
Eastern carried only 30% of the traffic 
between Cincinnati and Miami, leav- 
ing 70% to Delta. In the two-carrier 
Minneapolis-Miami and Minncapolis- 
Tampa markets, into which Eastern was 
placed in 1958 to provide competitive 
service. Eastern’s share was less than 
20%. 

These figures are adjusted to con- 
sider the Eastern strike which extended 
through seven of the 181 days in the 
period. Cole said. 

He said Eastern itself is accountable 
for many of the burdens placed on the 
route system where it claims competi- 
tion is excessive. These burdens were 
identified as Eastern's heavy schedul- 
ing, its reliance on turboprop aircraft, 
delays in acquiring jets and recurring 
labor disputes. 

“No more eloquent testimony of the 
intrinsic strength of these routes can 
be found than in their ability to not 
only withstand these burdens, but to 
once again produce traffic at record 
levels-as they are doing this month 
now that the burdensome problems 
cited above are largely of historical in- 
terest only,” he said. 

In contradiction of American’s and 
Eastern’s claims, Cole said things are 
improving for the domestic trunkline 
industry. Break-even load factors for 
jets have dropped from 58.28% in 
1960 to 51.27% in 1962, and the gap 
between capacity and demand is taper- 
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ing with the slowdown in jet acquisi- 

"If the economy of the nation re- 
mains strong and healthy, growth in air- 
line traffic of 8-10% a year can reason- 
ably be expected," he said. 

The picture is even brighter in re- 
spect to cash flow, the factor in which 
investors arc particularly interested. 
Cole said. In 1962, cash’gcncratcd by 
the trunklines reached a record $368 
million, bringing to $882 million the 
total cash generated in the three "diffi- 
cult" years of 1960, 1961 and 1962. 

"Even Eastern's reported losses of 
$26.5 million during these three years 
were recorded after depreciation and 
obsolescence accruals of $124 million in 
just these 36 months," he said. 

Industry's major problem, as seen by 
Cole, is the continuing decline in yield 
on fares, an element lie blames on diver- 
sion from first class to coach and the 
widespread introduction of low promo- 
tional fares. This is evidenced, he said, 
by Delta's gaining only 14% in revenues 
during the last January-March quarter, 
while revenue passenger miles flown 
rose 16%. 

"As a result of the erosion in yields, 
the average passenger-mile yield today 
on the domestic trunkline services is 
less than 5% above 1950— a period in 
which the cost-of-living index rose 
25%.” 

For a while after coach class was in- 
troduced in the piston era. Cole said, it 
accounted for only 30% of the total 
airline traffic. Today it accounts for 
65%. The 25% difference between 
coach and first-class fares is too great, 
he believes. In the piston era, a 25% 
discount was a realistic figure for the 
difference between first-class and tour- 


Interchange Proposal 

New York — Interchange agreement 
which would generate a Pan American 
World Airways DC-8 flight between 
New Orleans.' Atlanta and the East 
Coast was filed with the Civil Aeronau- 
tics Board last week bv Pan American 
and Delta Air Lines. 

Service, which would provide the first 
daily single-plane Ir itl it c chcdnlcs 
from New Orleans and Atlanta, would 
begin late this summer. The East Coast 
gateway would be determined later. It 
would be cither Dulles. Philadelphia. 
Baltimore or Idlcwild. 

Delta crews would fly the aircraft on 
domestic segments, with Pan American 
crews taking it on to London three or 
four days each week, and to Paris other 
days. 

Arrangements would be similar to that 
now operated by Pan American and 

from Houston and Dalla! to Europe via 


Braniff Seeks Panagra Stock Purchase 

Dallas— Bruniff Airways' board of directors last week authorized the carrier to 
offer $22 million for purchase of Panagra from Pan American World Airways and 
W. R. Grace, each of whom owns 50% of Panagra's shares. 

Bran ill's offer to each of Panagra's owners to purchase their entire holdings is 
somewhat above the S10.625.000 that Pan American and W. R. Grace agreed upon 
as a result of a recent offer by PAA to buy out W. R. Grace (AW Apr. 29, p. 37). 
Braniff says it considers the additional money "practical recognition” of the fact that 
the Pan Am-Gracc agreement permits Grace to accept shares in PAA which might 
net the seller something more than the sale price. 

Simultaneously with advising the Civil Aeronautics Board of its intent to make the 
offer to Pan American and Grace, Braniff filed notice with CAB of its intention to 
Oppose the purchase bv Pan American of Grace’s 50% ownership. Braniff President 
Charles E. Beard commented that 100% ownership of Panagra by Pan American 
would in effect thwart CAB's efforts in past years to create truly conqictitivc U. S. 
Rag service between the U. S. and South America. 

Braniff, filing with the CAB. requested the Board to establish a limited route pro- 
ceeding and consolidate in it the public interest aspects of Pan American's and 

share ofPanagra. ^ ^ Id • . bl C\B fi 11 1 ' 

special proceeding the question of U. S. competitive service to South America. 

Civil Aeronautics Board in 1961 initiated a proceeding, the United Statcs-South 

proposal that South America be served by two carriers instead of the current three, 


ist service. Cole said, but the same is 
not true of jet aircraft. 

"If there were a 50-50 division be- 
tween first-class and coach capacity, 
and the price difference were only 
12.5%, the trunklines in 1962 would 
have gained S200 million in additional 

Cole said the single-fare experiment 
by United Air Lines is perhaps good 
to the extent that it could bring order 
out of chaos. However, he feels that 
the fare is weighted so that it is closer 
to first-class fares on shorter segments, 
and thus may be a prelude to United's 
introduction of single class, and per- 
haps all first class, on its Boeing 727s. 

"If the airlines ever did agree on a 
single fare." Cole said, “some fear that 
the special fare cycle would start all 
over again. In this county, there will 
always be people who arc willing to 
pav for a better class of service.” 

Cole said Delta is having "an excel- 
lent year." Net earnings for the first 
nine "months of the current fiscal year 
were $10,205,000. equivalent to $4 a 
share on 2,550,000 shares outstanding. 
This compares with $3,754,000 net 
earnings in the same period a year ago. 

Earnings for the January-March. 
1963. quarter were $2,471,000, and 
April yielded an unexpected continu- 
ance of the upward trend, with Delta's 
passenger volume rising 25% for the 
month, bringing a 17% increase in 

"If earnings from operations in the 

a year ago,” Cole said, "earnings for 
the 1963 fiscal vear will be $12,625,000, 
or $4.95 a share." 


Cole said Delta's only outstanding 
near-term commitments involve the de- 
livery of two Douglas DC-8 fan jets in 
November and December and the in- 
stallation of turbofans on the six DC-8s 
acquired in 1959. 

Payments of $22 million still due on 
these two programs will be made from 
$8 million yet to be drawn on a 1961 
bank credit agreement and from inter- 
nally generated cash, he said. 

Cole said that 82% of Delta's 
revenues come from points served by 
two or more competitive carriers. So 
far in 1963, its two-year-old southern 
transcontinental service is accounting 
for 30% of the increase in passenger 
volumes. 


Hughes Judgment 

New York— Default judgment was en- 
tered against the Hughes Tool Co. late 
last week by the U. S. District Court on 
the basis of Howard Hughes' failure to 
appear in TWA's $1 15-million anti- 
trust litigation against the Hughes Tool 
Co. (AW Feb. 18, p. 49). Attorneys 
for Hughes plan to appeal. 

Judge Charles Mctzncr of the U.S. 
District Conrt here said he also would 
initiate an order dismissing Hughes' 
S385-milIion counterclaim against TWA. 
He charged the special master, J. L. 
Rankin, with scheduling hearings to de- 
termine the amount of damages due 
TWA. 

Mctzncr said he would determine at 

divest himself of his 78.2% "controlling 
interest in TWA. which was requested 
in TWA’s suit. 
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Southern Route Thrives on Space Industry 


By L. L. Doty 

Los Angeles— Booming aerospace and electronic industries, backbone of 
the new southern transcontinental route, are attracting intense airline interest 
that could bring about a drastic reshaping of U. S. air route structures during 
the next decade. 

A 6,500-mi., two-week survey of the busy route by Aviation Week & Space 
Technology indicates the new route is emerging rapidly as the nation’s newest 


major air travel market. It covers an ; 
California where the first significant 
trading centers is being made. 

Both National Airlines and Delta Air 
Lines, which are certificated to serve the 
route coast-to-coast, will have com- 
pleted two full years of scheduled opera- 
tions over the route next month. The 
route has injected new life into Na- 
tional and subtantiallv bolstered Delta’s 
income, although the latter still derives 
80% of its revenues from the older 
north-south and southeastern routes. 

All 11 trunklines penetrate the route 
at one point or another from Miami to 
Los Angeles and San Francisco. Routes 
of four carriers— American Airlines, 
Braniff Airways, Continental Air Lines 
and Eastern Air Lines— parallel the 
route over certain segments and these 
carriers have benefitted directly from 
this expanding market. Virtually the 
entire airline industry' is pointing sales 
campaigns to the south. 

Route Structures 

A clue to the industry's thinking on 
this market’s future came from a United 
Air Lines representative who said that 
with the decentralization of the aero- 
space industry and its growth through- 
out the south, airline route structures 
will become outmoded unless they are 
adjusted to this change. TWA is also 
taking a broad look at the space market. 
Braniff. frustrated in its bid for a south- 
ern route to Florida, appealed to a civil 
court after Civil Aeronautics Board re- 
jected its petition for a Dallas-Miami 
route. The court remanded the case to 
the Board, which upheld its original 
findings. 

The aerospace industry was not con- 
sidered a factor in the CAB Southern 
Transcontinental Route Case that re- 
sulted in the awards to National and 
Delta, and as a result, traffic volume 
has surpassed the growth estimates 
used by the Board in making the deci- 
sion. Although Delta still contends that 
the route was overccrtificatcd in that 
decision, the emergence of new traffic 
markets is forcing transformations in 
the route pattern that portend further 
revisions in the future. 

First change in the route structure 
occurred with the inauguration of a 
route by National from Melbourne, 


irea through the south from Florida to 
break away from the traditional U.S. 


Fla.— unmentioned in the route case— to 
New Orleans. Houston and the West 
Coast to handle traffic generated by 
Cape Canaveral. Orlando, claiming to 
be the historic gateway to the Cape, is 
striving to prevent any diversion or traf- 
fic from its airport to Melbourne, an 
indication of the importance now being 
placed on the new route. 

In addition. National has found 
greater value in serving the route’s 
major intermediate points rather than 
in operating non stop coast-to-coast. A 
further sign of transition is the traffic 
moving to and from Houston, where 
several years ago. close to 40% of the 
airline business was related to petro- 
leum and affiliated industries. Today, 
traffic associated with the space indus- 
try is accounting for a steadily increas- 
ing share of airline business at Houston, 
due to the Manned Spacecraft Center 
under construction there by the Na- 
tional Aeronautics and Space Admin- 
istration. 

Last week, a CAB examiner recom- 
mended that Huntsville be added to 
Delta’s Atlanta-Califomia route. 

Airports along the route are compet- 
ing to establish themselves as inter- 
national air traffic hubs with modern 
terminals, runways and facilities. Miami, 
for example, is served bv 11 II. S. cer- 
tificated scheduled carriers. 19 foreign 
flag airlines. 56 irregular carriers and 
innumerable air taxi operators. Los 
Angeles, with a new complex of satel- 
lite terminals, appears to be pulling 
ahead of San Francisco as California’s 
major international port. 

Houston is constructing new airport 
facilities, and the terminals at Atlanta, 
New Orleans and Dallas arc new. CAB 
hearings on the Dallas-Ft. Worth 
regional airport investigation are sched- 
uled to begin July 8. but currently Dal- 
las' Love Field is busier than Ft. 
Worth’s Amon Carter Field. Five of the 
airports on the southern transcontinen- 
tal route ranked among the nation’s 10 
busiest airports in 1962. 

Airlines serving the route and its 
segments are not overlooking the 
tourist travel potential. Las Vegas, 
Ncv., a city of 65,000 people, is served 


daily by more than 100 scheduled air- 
line flights, carrying mostly tourists. San 
Diego, where industrial activity has 
leveled off in recent years, now con- 
siders tourism a major source of busi- 

J. Dan Brock, National's vice presi- 
dent of traffic and sales, sees a growing 
community of interest between Cali- 
fornia and Florida, historic rivals for 
winter season tourist trade. Brock be- 
lieves that Californians, unlike East- 
erners, are highly flexible in their vaca- 
tion travel habits and can be persuaded 
to explore the Caribbean tourist areas 
or use the Miami gateway for European 

All smaller trunklines serving all or 
portions of the route are highly optimis- 
tic over financial prospects for 1963 as 
a result of the new market's traffic 
growth. Equally significant in an anal- 
ysis of the earning levels of the smaller 
carriers— Braniff, Continental, Delta. 
National and Western— are the tight 
economic and sound financial bases on 
which they operate. 

Braniff’s recent refinancing program 
is a case in point, illustrating the 
financial community's reaction to these 
operating standards. The airline itself 
financed its initial order for six BAC 
1 1 1 turbofan transports, but it needed 
an additional S20 million in long-term 
borrowing to take its option on an ad- 

Differing Philosophies 

Its first bid for new funds earlier this 
year resulted in offers of loans totalling 
$37 million— $17 million more than it 
required— on highly favorable terms, 
despite general pessimism about the 
airline industry's profit potential among 
major lenders. 

Operating philosophies of the four 
airlines differ in many respects, so that 
any comparison of each carrier’s ap- 
proach to the new route and the new 
sources of business would be unrealis- 
tic, but there are certain similarities in 
the broad economic outlook of each. 

C. E. Woolman, veteran president 
of Delta, and L. B. Maytag, Jr., new 
president of National, have never met, 
but each has a high respect for the other 
as principal competitors on the new 
route. Both men thrive on financial 
stability, which has been attained by 
Delta through historic frugality and by 
National through a revamped fiscal pro- 
gram undertaken last year when Maytag 
took over the presidency from G. T. 
Baker. 

Both Woolman and Maytag are 
vigorous opponents of the proposed 
American-Eastern merger, and Wool- 
man has consistently Ted industry at- 
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tacks on the plan. Of the five carriers, 
only Western has taken no stand on 
the issue. Its president, T. C. Drink- 
water, who is not interested in talking 
merger with anyone, feels that a com- 
bined American-Eastern company 
would have no competitive effect on 
Western. 

Braniff President Charles E. Beard 
is a belligerent foe of the merger and 
points out that the merged company 
would have total assets one and one-half 
times the combined assets of Braniff, 
Continental, Delta, National, Western 
and Northwest Airlines. 

Delta has been an outspoken critic 
of alleged attempts by American to por- 
tray a poor financial condition and has 
challenged openly its financial report- 
ing. Meanwhile, many airline officials 
throughout the south are watching the 
apparent decline in Eastern’s aggressive 
sales practices, particularly on those 
routes where Eastern always held a 
strong position. 

Carriers competing directly with East- 
ern admit that their success in 1962 
was attributable largely to the Eastern 
flight engineers' strike. But they add 
that the carrier’s slow recovery from the 
effect of the strike is expanding these 
benefits. 

Throughout the survey, there were 
expressions that the decline in Eastern’s 
competitive drive is a part of an over- 
all merger strategy. It should be noted 
that Eastern's recently introduced Walk- 
On service between New Orleans and 
Houston is undoubtedly a competitive 
strike at the southern transcontinental 
sendees. But several airline officials 

a uestion the economic effectiveness of 
te operation, and one termed it an iso- 
lated move, too small to stem the flood 
of Eastern’s difficulties. 

Generally, all carriers deplore the 
present multitude of tariff structures, 
but only Maytag has gone so far as to 
endorse United’s single-fare concept. 
Delta feels that the aircraft seating con- 
figuration called for under the single- 
fare plan cannot be applied practically 
to a mixed fleet of piston and jet air- 
craft or jets of long and short range. 
Fare Structures 

Braniff will watch United's experi- 
ment "closely," but would be more in- 
terested were the rate level higher— 
perhaps midway between present first- 
class and conch rates, or about 124% 
above coach. United single-class fare 
has been set about 4% higher than the 
current coach rate. Beard, like W. A. 
Patterson, president of United, has per- 
sistently sought a narrower gap between 
coach and first-class fares. 

Western is focusing its attention on 
coach traffic, and expects that this class 
soon will account for about 90% of all 
its traffic. In March. Western led the 
industry with a 23% traffic increase and 


a 54% increase in coach revenue pas- 
senger miles. 

Both Delta and National are ex- 
periencing the current switch from first- 
class to coach traffic. An interesting 
surplus item in Delta’s inventory of 
parts is a large stack of first-class seats 
—a situation that undoubtedly exists 
throughout the industry. 

Delta experienced a 14% decrease in 
first-class traffic in March and a 36% 
increase in coach traffic. National’s 
first-class traffic in the same month 
dropped 12% and coach traffic rose 
31%. Biggest gains in coach traffic 
were registered by Continental, with 
63%. and a 21% increase in all traffic. 

Braniff finds a continuing demand 
for first-class transportation, which it 
attributes to the carrier’s very short-haul 
routes where the slight savings in fare 
do not justify passengers denying them- 
selves the conveniences of first-class serv- 
ice. In March. Braniff’s coach traffic 
accounted for 59% of all its traffic. 

On the subject of aircraft equipment. 
National has no immediate plans for 
fleet expansion. It is satisfied that the 
Lockheed Electra turboprop transport, 
which is being utilized at a direct op- 
erating cost of $1.33 per mile, will con- 
tinue to serve short-haul routes during 
the foreseeable future. The airline will 
switch to short-range jets only if com- 
petitive conditions require such a move. 
Beyond that possibility. National’s fleet 
expansion, when it does occur, will be 
confined to additional Douglas DC-8 
turbofan transports. 

Equipment Needs 

Delta has placed a $50 million order 
for 15 Douglas DC-9 short-haul trans- 
ports for use on its shorter-haul routes 
where traffic volume justifies jet service. 
Braniff sees a need for the short-haul 
jet as demonstrated bv its purchase of 
1 2 BAC Ills, but it will continue using 
the Lockheed Electra, which it also 
finds to be an outstandingly efficient 
and serviceable airplane. 

Western will decide this summer on 
whether it will buy the DC-9 or BAC 
111, Continental plans to add a short- 
haul jet to its fleet, probably in 1965. 

Braniff anticipates a loss for the first 
quarter of 1963, but expects to end the 
year with record profits. Western has 
reported record first-quarter earnings of 
81.7 million. For the first nine months 
of its fiscal year, which ends June 30, 
National reported net earnings of $5.3 
million. Delta’s net earnings for the 
first nine months of its current fiscal 
year were $10 million. 

On the transcontinental route. Na- 
tional is keying its flight schedules to 
aircraft utilization. Delta's schedules 
are planned on the traffic potential in- 
dicated in the various markets it selves 
with less emphasis on utilization. 

National has a 10 hr. 30 min. utiliza- 


tion on its Douglas DC-8 fleet, and pre- 
dicts this will climb to 1 1 hr. 6 min. this 
summer. For the first eight months of 
its fiscal year, the break-even load factor 
was 46%, compared with 52% in the 
same period last year. System load fac- 
tor for the current eight months was 
54%, about the same as in the previous 
eight-month period. 

National believes the southern trans- 
continental route is a major factor in its 
profit position, and stresses that its 
rofit margin is being depressed by the 
eavv competition it faces on the New 
York-Florida route, a condition it terms 
“unhealthy. Maytag responded to a 
recent CAB examiner’s decision that 
this route needs three carriers by noting 
that the “markets have failed to support 
the systems of three carriers in the 
past." He added: “there is no reasonable 
iikelihood that they will be in the fu- 


Financial Positions 

Delta, on the other hand, finds that 
about 20% of its over-all revenues come 
from the southern transcontinental 
route. In March, Delta's load factor on 
the route was 52.2%, compared with 
its system load factor of 59.9%. As of 
mid-April, load factor of the transcon- 
tinental route stood at 56.3% and the 
airline’s system load factor had climbed 
to 63%. ‘ 

National has strengthened its finan- 
cial position since the new management 
took over last year and, in February, had 
a working capital of $12 million, of 
which $7-5 million is represented by the 
Pan American stock trade agreement 
made with that airline during the Baker 
regime. In June, 1962, working capital 
was $1.5 million and, since the Pan 
American stock represented some $8.1 
million, the carrier had, at that time, a 
working capital deficit of about $6.6 
million. 

For the first eight months of Fiscal 
1963, scat mile costs have been cut to 
2.97 cents, compared with 3.1 5 in the 
same period of Fiscal 1962. The airline 
is predicting an income of more than $3 
per share at the end of Fiscal 1963. 

National has traded back 10% of its 
Pan American stock holdings with Pan 
American, but has no immediate plans 
for further disposal of the stock. Under 
the CAB ruling governing the transac- 
tion, the airlines have until July, 1964. 
to complete disposal of their respective 
holdings. 

To refinance its outstanding debts 
and cover equipment purchase commit- 
ments. National arranged a new loan 
agreement for $51 million which per- 
mitted it to retire $29.2 million remain- 
ing from a 1958 bank loan. $4.5 million 
of a 1960 demand note. $4.6 million 
owed to Douglas Aircraft Co., and $12.7 
million to finance the purchase of three 
Douglas DC-8 turbofan transports. 
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Increases In Airline Operating Revenues 
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SHORTLINES 


AIRLINE OBSERVER 

► Japanese officials have been consulting with Eastern Air Lines President 
Malcolm MacIntyre on plans to begin a Japan Air Lines shuttle service 
between Tokyo and Osaka similar to Eastern's Washington-New York-Boston 
Air-Shuttle. 

► Seasonal traffic increase began to appear last month when scheduled air- 
lines recorded a 6.6% gain in revenue passenger miles over the same period 
last year. First-class traffic continued its downward trend, reaching an 
industry load factor of 46.6%, based on a 10.3% March drop in revenue 
passenger miles. Coach traffic for the month climbed 16.8%. Coach load 
factor was 54.4% compared with 51.7% for all categories of traffic. 

► Rep. Albert Thomas (D.-Tcx.) has indicated he will conduct a field survey 
of local service airline operations later this year. 

► Douglas is offering a center-section fuel provision on the DC-9 short-haul 
jet which would increase total tankage from 3,004 gal. to 3.834 gal. Maxi- 
mum takeoff weight would be boosted from 77,000 lb. to 83,000 through 
stronger landing gear and wing structure. Without center-section fuel, 
the DC-9 has a range from 250 stat. mi. with a full 18,000-lb. payload to 
950-1,000 stat. mi. with a 10,000-lb. payload. Extra fuel would give a 
range of 1,400 stat. mi. with a 10,000-lb. payload and 725 stat. mi. with a 
full payload. 

► Commercial operators dependent on Military Air Transport Service con- 
tracts arc concerned that introduction of the Lockheed C-141 jet cargo 
transport will expand MATS' airlift capability to the point where it may 
reduce the business now contracted out. Richard S. Nye. deputy director of 
the Aeronautical Systems Div.'s airlift modernization center, said recently 
that on the route between Travis AFB, Calif., Manila and Tokyo, 17 C-141s 
can do the job currently requiring 114 C-124s, each carrying a 50,000-lb. pay- 
load. MATS has yet to disclose how many C-141s it will order. 

► Recently completed Aeroflot economic study indicates that the Russian air- 
line monopoly has successfully met the demand for long-haul services in 
Siberia, but that expansion of short-haul operations would provide a major 
traffic increase. The survey showed an 83% total load factor for tnrbine- 
powered transports flying between Moscow and Novosibirsk and 78% total 
load factor on the return Novosibirsk-Moscow run. Piston-engine powered 
Il-14s still flving between Novosibirsk and Irkutsk via Krasnoyarsk maintained 
a 95% total load factor last year. The study indicated that where load factors 
have slipped on local Siberian lines, the addition of more intermediate stops 
would quickly remedy the situation. 

► Air-India is now performing its own engine Overhaul at its new mainte- 
nance base at Bombas's Santa Cruz airport. Overhaul was formerly done by 
Rolls-Royce. Carrier' will handle both Rolls-Royce Conway and Pratt & 
Whitney JT3D-3 engines at the base, and hopes to obtain overhaul contracts 
from other carriers with Far East operations. 

► British Air Registration has increased to 4,000 hr. the time between over- 
haul on Rolls-Royce Dart 510 turboprop engines powering British European 
Airways Viscounts. 

► Boeing Co. has developed a cabin cooling system for supersonic transports. 
To present blankets of insulating material and inner cabin walls from absorb- 
ing air friction heat on aircraft flying at Mach 3, the new system will dis- 
charge air-conditioned cabin air through porous insulating blankets. Air will 
absorb aerodynamic heat and earn' it through collecting ducts into a manifold 
where it will be channeled overboard. 

► One reason for Aeroflot’s long delay in placing twin-turboprop An-24 
transports in scheduled service was the Antonov aircraft’s failure to achieve 
design speed. Problem was corrected by changing the configuration of the 
nose and engine nacelles, although consideration had been given to installing 
more powerful engines. 


► Air France will expand its summer 
schedule of flights to Paris from 39 to 
56 jet departures a week from North 
American gateways. Meanwhile, Air 
France reported that its traffic on the 
transatlantic route rose 29% during 
March, compared with March, 1962. 

► Air-India has reported a S4.8 million 
profit for 1962. Carrier's heaviest traffic 
during the year was generated on the 
Bombay-London route, where Air-India 
has the most frequency of any airline. 
Transatlantic traffic increased 60%, a 
direct result of Air-India's inauguration 
of daily New York-London service in 
mid-1962. 

► Allegheny Airlines President Leslie O. 
Barnes has estimated the carrier's traffic 
will increase about 15% annually dur- 
ing the next three years, lie also ex- 
pects the airline's charter division, acti- 
vated in January, to gross SI million in 
1963. 

► British Overseas Airways Corp. will 
begin daily non-stop service between 
New York and Glasgow on June 9. 

► British West Indian Airways carried 
22% more pasesengers in 1962 than in 
1961. 

► Federal Aviation Agency and Civil 
Aeronautics Board will establish a school 
to teach accident investigation tech- 
niques at the FAA Academy, Aeronau- 
tical Center, Oklahoma City. Both 
CAB and FAA personnel will be trained 
there. 

► Flying Tiger Line air freight traffic 
increased 14.2% in March over the 
same period last year, the third consecu- 
tive month the airline has reported an 


► Jamaica has joined the International 
Civil Aviation Organization, to become 
the group’s 1 00th member state. 

► Three Douglas DC-7s have been pur- 
chased from British Overseas Airways 
Corp. for SI. 2 million by Frederick B. 
Ayer & Associates, aircraft dealers. Air- 
craft will be leased to Saturn Airways 
of Miami, a supplemental carrier which 
will use them to expand charter opera- 


► U. S. domestic trunk and all-cargo 
airlines flew 192.9 million ton miles of 
air cargo in the first quarter of 1963, 
an 8.2% increase over the 17S.4 million 
ton miles handled in the same period 
last year. 
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Westinghouse radar will guide the first orbital rendezvous 



When the Gemini two-man spacecraft first 
performs rendezvous and docking maneu- 
vers in earth orbit, a new Westinghouse 
radar system will help assure the success 
of the mission. 

The Gemini spacecraft itself, one impor- 
tant mission of which is the perfection of 
rendezvous techniques, is being built by 
McDonnell, prime contractorfor the Gemini 
project, under the technical direction of 


NASA's Manned Spacecraft Center. 

Using a unique interferometer system 
developed by Westinghouse's Air Arm 
Division, the spacecraft interrogator will 
transmit a series of pulses to the target 
transponder. Reply pulses received by the 
spacecraft will be used to measure range 
and azimuth and elevation angles. 

The first of its kind in space, the Westing- 
house radar system for Gemini is the be- 


ginning of a new generation of advanced 
radars for deep space missions, lunar land- 
ings, planet exploration and space station 
logistic support. 

For more information on Westinghouse 
Air Arm Division space programs, write 
for new brochure, "Into Space," to West- 
inghouse Electric Corporation, P.O. Box 
868, Three Gateway Center, Pittsburgh 30, 
Pa. You can be sure.. .if it's Westinghouse. 


We never forget how much you rely on Westinghouse 
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Mariner Design Modified for Mars Flyby 


By Irving Stone 

Los Angeles— Mariner C Mars-flyby 
spacecraft, the next National Aeronau- 
tics and Space Administration planetary 
probe, will be programed to pass the 
planet at a distance of approximately 
13,500 mi. about 230 days after launch 
from Cape Canaveral, Fla., in Novem- 
ber, 1964. 

A follow-on space experiment to the 
successful Mariner R Venus probe (AW 
Mar. 4, p. 30), the Mariner C Mars 
mission will include: 

• Spacecraft weighing approximately 
600 lb., including 60 lb. of scientific 
instruments, and boosted by an Atlas/ 
Agena D combination. 

• Ideal launch date of Nov. 19, 1964, 
with respect to energy requirements, in 
a minimum launch-period span of 15 
days between Nov. 12 and 26. 


• Attitude stabilization for the space- 
craft during the mission using the sun 
and the star Canopus for reference ob- 

• Aim point to have the vehicle pass 
the illuminated side of Mars, with the 
scan plane oriented approximately 
normal to the Martian equator. 

• Series of television pictures and infra- 
red spectrometer readings to be taken 
during the flybv for transmission to 
earth. The planet will be within the 
field of view of the spacecraft instru- 
ments during a 20 min. period— the ac- 
quisition phase— near the time of closest 
approach. 

• Mission termination 20-40 days after 
the planet flyby. Effect of increasing 
range plus antenna pointing error is ex- 
pected to exceed the communication 
threshold by then. 

The Mariner C Mars experiment is 


being managed for NASA by California 
Institute of Technology’s Jet Propul- 
sion Laboratory, which also conducted 
the Mariner R Venus flybv experiment. 
JPL is pushing work on tfic Mariner C 
and contracts for subsystems have been 
awarded. 

Mariner Configuration 

Configuration will be an extension of 
the Mariner R Venus design with spe- 
cific modifications for the Mars flybv. 
Basic configuration is an octagonal 
structure enclosing eight bays to ac- 
commodate equipment. Seven of the 
bays provide a volume of 4.65 cu. ft., 
about 55% more than Mariner R, for 
housing guidance and control, commu- 
nications, power, science subsystems, 
etc. 

Four solar panels having a combined 
area of 70 sq. ft. are attached to the 
basic spacecraft structure. They are po- 
sitioned nearly vertically for launch and 
are erected on separation of the space- 
craft from the launch vehicle. The 
panels will be oriented to within ±2 
deg. of being normal to the sun to 
realize their full capability. Sun-space- 
craft minimum range will be 90,000,- 
000 mi., and will not exceed 1 50,000,- 
000 mi. until completion of the Mars 
post-encounter phase. 

Solar pressure vanes are attached, in 
an angled position, to the end of each 
solar panel. 

A TV camera and an infrared spec- 
trometer are mounted on the bottom of 
the spacecraft. The television svstem 
(AW Sept. 3, 1962, p. 59) will provide 
200 x 200 line pictures with approxi- 
mated 2.5 kin. resolution for a miss- 
distance of 25,000 km. from the center 
of the planet, or approximately 13,550 
mi. from the planet’s surface. The 
spectrometer will provide spectral data 
pertaining to the Martian surface in the 
region between 5.1 and 6.6 microns and 
between 1.7 and 2.2 microns. 

Various scientific instruments on the 
spacecraft will probe and record physical 
phenomena along the Mariner trajec- 
tory path between earth and the re- 
gion of Mars. 

A tube with a diameter of 4 in. and 
a length of 6 ft. will project through the 
spacecraft support cone on top of the 
octagonal structure to carry a magnet- 
ometer, ion chamber, and particle flux 
detector. 

Data on fluctuation in the interplane- 
tary field will be provided by the mag- 
netometer and it will measure mag- 
netic fields of Mars. The ion chamber/ 
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Geigcr-Mueller counter package, simi- 
lar to that used with Mariner R, will 
measure ionizing radiation in inter- 
planetary space and near Mars. 

A solar plasma detector, mounted on 
the side of the spacecraft octagonal 
compartment, will measure flux of the 
positive and negative components of 
plasma traveling outward from the sun 
and will correlate these measurements 
with those from the magnetometer. 

Direct measurements of the momen- 
tum of dust particles in space for der- 
ivation of particle mass, energy, and 
velocity will be done by a cosmic dust 
detector mounted on the spacecraft 
support cone. 

The magnetometer, ion chamber, and 
solar plasma and cosmic dust detectors 
will be turned on immediately following 
separation of the spacecraft from the 
Agena D booster and will remain on 
throughout the flight. 

Two sun sensors are located on the 
top and bottom of the octagonal com- 
partment. The Canopus star tracker is 
positioned on the bottom of the com- 
partment. Yaw jets are located on the 
end of two opposite solar panels and 
pitch and roll jets are located at the 
ends of the other two solar panels. 

To provide command capability, and 
for angle tracking, Doppler and ranging 
for orbit determination, the spacecraft 
carries a two-way communications sys- 
tems for telemetering data to earth. The 
guidance system provides for trajectory 
correction maneuvers. 

An elliptical parabolic high-gain an- 
tenna. 21 x 46 in., is carried on the top, 
or forward end. of the spacecraft, with 
the RF axis permanently oriented. This 
axis will be pointed at the earth at the 
time of the encounter with Mars. 

For the first two thirds of the trajec- 
tory. the low-gain antenna will provide 
the path for the earth-to-spacecratt chan- 
nel. Switchover to the high-gain an- 

spacecraft's central computer and 
sequencer at the trajectory point where 
the carth-to-spacccraft channel signal 
level reaches the design threshold. 
Back-up capability will be provided by 
ground command. On-board logic will 
return the receiver to the low-gain an- 
tenna automatically if the receiver loses 
the earth's signal and does not regain 
it for 24 hr. The low-gain antenna is 
mounted on top of the spacecraft sup- 
port tube, which also serves as a wave 
guide for the antenna. 

Spacecraft temperature probably will 
be maintained by passive techniques, 
aiming at a thermal balance between 
solar heat input, electrical dissipation, 
radiative and conductive paths, and heat 
radiated from spacecraft external sur- 
faces. Thermal shielding will provide 
maximum isolation from solar heat in- 
puts to minimize the effect of the 
changing solar constant. Louvers are 
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TOP VIEW OF MARINER C Mars flyby spacecraft is shown oriented toward the sun. 
Experiments arc detailed. The NASA planetary probe is programed to pass the planet at a 
distance of approximately 13,500 mi., about 230 days after launch from Cape Canaveral. 
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Since 1958, when it first built the AN/DRW 11 (a 
receiver whose primary function is to destroy malfunc- 
tioning missiles), STL has produced more than 400 space 
communications receivers of 14 different designs. The 
Able I receiver, the first phase-locked receiver ever to fly, 
was built by STL. So were the ground station parametric 
amplifiers that tracked Pioneer V 22 million miles into 
space. STL built the receiver now being used at Plermeur- 
Bodou, France, to track America’s first communications 
satellites. The voice communications receiver for SYN- 
COM and the space command receiver for NASA’s OGO 
are both STL products. Scientists and engineers interested 
in advancing the art of space communications will find 
Space Technology Laboratories an active place. 

@ 


STL builds spacecraft for NASA and Air Force-ARPA, 
and continues Systems Management for the Air Force’s 
Atlas, Titan and Minuteman programs. These activities 
create immediate openings in: Space Physics, Radar Sys- 
tems, Applied Mathematics, Space Communications, 
Antennas and Microwaves, Analog Computers, Com- 
puter Design, Digital Computers, Guidance and 
Navigation, Electromechanical Devices, Engineering 
Mechanics, Propulsion Systems, Materials Research. To 
obtain additional information regarding positions at 
Southern California or Cape Canaveral, you may 
contact Dr. R. C. Potter, One Space Park, Dept. A-5, 
Redondo Beach, California, or P.O. Box 4277, Patrick 
AFB. STL is an equal opportunity employer. 

SPACE TECHNOLOGY LABORATORIES, INC. 

a subsidiary of Thompson Romo Wooldridge Inc. 


Mariner C Prelaunch Sequence 

Operations and precautions in readying the Mariner C spacecraft for launch at the 
Atlantic Missile Range. Cape Canaveral. Ha., will consist of: 

• Mariner C moting to tile Atlas/Agcna D boost vehicle at least three days prior to 

• Prelaunch checkout, involving all elements of the launch complex, at least two 
days prior to launch. 

• System loop checks performed only after Mariner C has left the final assembly area. 

• Spacccraft-to-blockhousc functions restricted to those required to turn the space- 
craft on and verify that it is in flight condition. There will be no other connections 
to the spacecraft while it is mated with the launch vehicle. Blockhouse will have no 

• Access to spacecraft on the booster will be restricted after shroud installation. If 
access is required the spacecraft will have to be removed from the boost vehicle with 
the slirond intact and returned to the hangar. Recycle time in this case is estimated 
to be about 22 hr., plus the operation time required on the spacecraft. 

During countdown there will be a capability of holding indefinitely, without re- 
cycling, prior to X -84 min. If a hold occurs after this time, there will be a capability 
of holding for an accumulated interval of one hour without recycling unless the hold 
is called for the spacecraft, when it will be necessary to recycle to X — 8} min. 

If a launch is scrubbed and access to the spacecraft is not required, the system will 
have to be capable of being rescheduled for a launch time within a 20-hr. interval. 


being considered if the passive devices 
cannot provide adequate temperature 
control. Proposals have been submitted 
to JPL by industry for 21 pre-production 
louver assemblies for the Mariner C 

Propulsion system for the spacecraft 
is designed to be removable as a unit. 
The thrust chamber and nominal thrust 
vector is located normal to the space- 
craft roll axis and for midcourse maneu- 
ver accuracy the undeflected thrust vec- 
tor will lie within 10 milliradians of the 
spacecraft center of gravity. The pro- 
pulsion system will have a nominal 
vacuum thrust of 50 lb. and will be 
capable of two starts. Thrust vector con- 
trol will be accomplished with jet vanes 
to deflect the exhaust stream through 
— 5 deg. The system will be able to pro- 
vide a velocity increment as small as 0.1 
mcter/scc. to the 600-lb. spacecraft, but 
tankage will be sized to provide a maxi- 
mum velocity increment of 80 meters/ 
sec. Motor burn time within an accu- 
racy of ±0.02 sec. will be controlled by 
the spacecraft's guidance and control 

Launch Trajectory 

For the trajectory from the earth 
parking orbit, a type 1. class 1 transfer 
orbit will be used! This would intersect 
the target planet at 180 deg. or less 
around the sun. 

Total firing period for the mission 
is 28 days, and the daily firing window 
is at least 2 hr. For the selected firing 
period, a set of trajectories will be 
established incorporating two fixed ar- 
rival dates, spaced five days apart, and 
selected to approximate minimum en- 
ergy launch conditions. 

During the initial acquisition phase, 
the spacecraft will be separated from the 
Agena D with a velocity increment 
controlled to ± 2 meters per sec. The 
solar panels will then be unfolded, 
science instruments-not including TV 
and infrared experiment— will be acti- 
vated, and the attitude stabilization and 
acquisition process initiated. Solar ac- 
quisition nominally will be completed 
within one-half hour after injection, 
and Canopus acquisition will require 
an additional hour. 

During the majority of the transit 
time, the spacecraft will remain attitude- 
stabilized and will transmit data con- 
tinuously. This information will consist 
of commutated engineering data frames 
alternating with science data frames. 

Within 10 days after injection, the 
cruise phase will be interrupted for 
the trajectory correction maneuver. Al- 
though minimum velocity requirements 
will occur 6-S days following injection, 
an attempt will be made to perform the 
maneuver sooner in order to improve 
orbit redetermination. The spacecraft 
will be programed to perform one mid- 
course correction based on a determina- 


tion of the orbit from ground tracking 
data. A backup capability for perform- 
ing a second midcourse maneuver will 
be available. During maneuver se- 
quences. no science data will be trans- 
mitted. 

Exact aim point cannot be estab- 
lished until actual injection errors for 
the spacecraft have been determined 
because maneuver execution errors are 
proportional to the injection errors. 
Nominal aim point, approximately 1 3,- 
550 mi. from the surface of the planet 
near the equatorial plane, is as close to 
the planet as midcourse accuracy will 
permit, and probability of the space- 
craft striking the planet will be less 
than one chance in 10,000. Other 
conditions chosen to satisfy the aim 
point arc that the Canopus-spacccraft- 
planct near-limb angle not be greater 
than 36 deg. for 99% of the flyby 
dispersions, and that the sun not be 
occluded bv Mars. 

It is desirable also that the earth not 
be occluded by Mars. 

Maximum Range 

Maximum range of closest approach 
for optimum planetars' observations is 
about 22,900 mi. from the surface 
of the planet. It is expected that useful 
data could be obtained as far out as 
about 125,000 mi. from the surface of 
the planet. 

Nearest approach of the spacecraft 
must be keyed to the Goldstone deep 
space instrumentation facility (DS1F) 
to take advantage of the backup cap- 
ability of the station’s 100-ksv. trans- 

Thc encounter phase will consist of 
a 134 hr. period bracketing the time of 
closest approach to the planet. The 
television camera, infrared spectrometer, 
and planet scanner will be energized 


approximately 61 hr. before the point of 
closest approach and remain energized 
until the conclusion of the 134 hr. 
encounter period. The planet will be 
within the field of view of the instru- 
ments for approximately 20 min. near 
the time of closest approach. During 
this period, known as the acquisition 
phase, TV 7 and infrared data will be 
stored on a tape recorder having a 
capacity of 5 million bits, permitting 
storage of 20 pictures each. 
Instrument Scanning 

The television and spectrometer in- 
struments will be bore-sighted and have 
a single degree-of-freedom scan. Plane 
of the scan will be oriented approxi- 
mately perpendicular to the Martian 
equator. The vehicle’s motion will 
afford movement of the scan plane 
roughly parallel to the Martian equator. 
Planet acquisition will be identified by 
a radiation transducer which will sense 
and track the illuminated surface of the 
planet. The scan pattern will be tri- 
angular with fixed amplitude stepping 
controlled by internal logic. 

The spacecraft's central computer 
and sequencer will turn on the planet 
science and scan subsystem, apply 
power to the tape recorder, uncover 
science instruments, and unlatch the 
scan platform. 

The scan system will signal the space- 
craft’s data automation system that it 
has acquired the planet with the wide- 
angle sensor, and begin tracking. The 
data automation system will begin cycl- 
ing the TV and infrared instruments, 
but no data will be sent to the tape 
recorder because this equipment will 
not yet be viewing the planet. The 
data automation system will send a 
signal to the encoder to switch to the 
data mode to be used during the en- 
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counter phase, and real time data of 
the TV, infrared and scan will be 
transmitted. 

Signals from the TV and infrared 
equipment will indicate when their 
view is on the planet, and a narrow- 
angle acquisition signal will be sent 
to the data automation system to pre- 
pare the scan for the programed se- 
quence. 

First View 

TV and infrared equipment will have 
been cycling continuously in 80-scc. 
sequences, and when the planet first 
moves into view it may require as much 
as SO sec. before the cycle will be at 
a correct point to take a picture and 
send the data to the tape recorder. The 
scan then will begin a program se- 
quence to cover the planet in a stepped 
sawtooth-pattern sweep while TV and 
infrared information is recorded at each 

When the tape recorder is full, a 
signal will be sent to the data auto- 
mation system to switch the recorder 
to the appropriate data mode, and 
TV and infrared sequencing will stop. 
In the post-encounter phase, the stored 
data will be read out continuously and 
repetitiously unless interrupted by 
ground command. 


Guidance-Control System 

The guidance and control system in- 
corporates the central computer and 
sequencer, which provides timing, event 
initiation sequencing, switching, and 
computing operations for the spacecraft. 
It accepts, stores, and executes guidance 
and attitude commands from the telc- 


Thc guidance and control system’s 
attitude control subsystem will operate 
in the acquisition and cruise mode, 
maneuver mode, and for inertial roll. 
Attitude control gas supply will be three 
times the maximum calculable con- 
sumption. 


Mars Pictures 

Mariner C tele- 

•ision pictures m,d 

should resolve coni 

cting concepts con- 

ceraing the Martial 

surface. 


of this planet has 

produced more gen 

ral knowledge than 


solar system, and 

the fully illuminated disk in the 1965 

flybv should afford 

he opportunity- for 

TV and 1R spcctron 

etcr to record phvsi- 


ith high degree of 

accuracy. 


Comparison yvith 

pictures which mav 

be obtained this 


Mars vehicle will afford a double oppor- 

tunity to verify Mar 

topographical varia- 


lstrumentation and 

trajectory conditions 




Cumulative effect on the attitude 
control gas supply of any rotating or 
reciprocating component will be less 
than 5% of the total calculable con- 
sumption. 

Four data modes will function for 
effective use of data channel capacity 
during the various mission phases. 
Mode 1 will be used during maneuvers, 
and only engineering data will be 
sampled. The mode also may be used 
to increase engineering data sampling 
during cruise to aid in failure analysis, 
if required. Mode 2 will be used during 
the launch phase, initial acquisition, 
and cruise. Blocks of engineering data 
HO bits long will be alternated with 
blocks of science data 280 bits long. 
Mode 3 will be used during the en- 
counter phase while the TV and infra- 
red systems are scanning the planet. 
Only science data will be sampled in 
this mode. 


Mode 4 will be used for playback of 
stored science data from the tape re- 
corder. 

Selection of data modes will be 
possible by both ground command and 
on-board logic. Data will be transmitted 
in digital form. Required resolution 
for the analog measurements will be 
1 % of full scale. 

Telemetry subsystem will be capable 
of accommodating not more than 100 
commutated measurements, including 
synchronous, framing, and subcommuta- 

Digitized data will be capable of 
transmission at either 84 or 334 bps. 
Command bit rate will be 1 bps. The 
storage system will be capable of read- 
ing in at a bit rate of 13,200 bps. 

The Mariner C storage system will 
be able to read out synchronously with 
the telemetry system at a bit rate of 84 
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SATELLITE THERMAL BALANCE is confirmed by experimental verification of theoretical 
analysis. Such early confirmation is the key to reliable spacecraft development at Bendix 
where complete facilities support major programs from concept to flight test. Engineers in 
the space technologies can learn more of these challenges by contacting our Personnel 
Director, Bendix Systems Division, Ann Arbor, Michigan, an equal opportunity employer. 


Bendix Systems Division 
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J-2, M-l Engine Design Details Reported 


Bv David A. Anderton 

Washington— First production deliveries of Rocketdyne’s J-2 upper-stage 
rocket engine, one of two large liquid hydrogen-liquid oxygen powerplants 
being developed for National Aeronautics and Space Administration, will 
start this summer. 

The other engine program— Aerojet-General’s M-l upper-stage engine— is in 
the stage of hardware fabrication. Test stands, liquid hydrogen storage facili- 
ties and manufacturing facility expansion are nearly complete. 

First design and engineering details 


on both these engines were reported 
here recently at the National Aero- 
Nautical Meeting of the Society of Au- 
tomotive Engineers. 

J-2 program now is in the stages of 
system refinement and reliability inves- 
tigation, said W. R. Studhaltcr, who is 
the program manager for the engine at 
North American Aviation's Rockctdyne 
Div. Several thousand component tests 
are scheduled for the next two years. 
Preliminary Flight Rating Test (PFRT) 
is scheduled for completion this year, 
and engine qualification and first flights 
are programed for 1965. 

Burning liquid hydrogen fuel and 
using liquid oxygen oxidizer, the J-2 
engine delivers 200,000 lb. thrust at 
altitude. It retains the capability of 


being tested at sea-level conditions for 
checkout and development of reliability. 
Consequently, the expansion ratio of 
the engine thrust chamber is 27.5:1, to 
achieve maximum possible altitude per- 
formance without compromising the 
ability to make sea-level tests. 

Basic layout of the engine starts with 
the thrust chamber, which will be 

S imbal-inounted to allow angular de- 
ections up to 10 deg. for vehicle sta- 
bility and control. All components arc 
mounted on the thrust chamber. 

Separate turbopumps, driven by ex- 
haust products from a gas generator, 
are mounted on each side of the thrust 
chamber. Liquid hydrogen is pumped 
by a seven-stage, axial-flow pump rotat- 
ing at more than 25,000 rpm. It has a 


two-stage turbine. Oxygen pump is a 
radial type and operates at approxi- 
mately 6,000 rpm . Its turbine is also 
a two-stage unit. 

Each of these pumps is lubricated by 
its own working fluid. In the oxygen 
pump, the bearings have an internal 
bypass flow of 20 gpm. of liquid oxygen; 
this passes through both bearings in 
series. Liquid hydrogen flow at 10 gpm. 
is provided for each of the two bearings 
in the hydrogen turbopump. Internal 
thrust of the pump units is balanced 
by the bypass-propellant flow to prevent 
any axial loading of the bearings. 

Helium-operated salves, an electrical 
control and ignition system, hydrogen 
and oxygen gas tanks for pressurization, 
flight instrumentation and connections 
complete the layout of the engine. 

Thrust chamber follows the tubular 
construction mode developed earlier on 
rocket powerplants. The J-2 engine 
uses "pass-and-a-half" cooling, a tech- 
nique used on the Pratt & Whitney 
RL10A series of engines (AW Apr. 2, 
1962, p. 52). But rather than use an 
equal number of intake and return 
tubes, Rockctdyne designers specified a 
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Hydrogen enters through a manifold 
■bout halfway down the engine and 
lows through 180 tubes to a return 
nanifold. The manifold distributes the 
flow through 560 tubes which carry 
the hy'drogen to the injector inside the 
combustion chamber. 

During the flow process the hydro- 
gen gas. which entered the manifold 
intake at more than S00 psi. pressure 
and approximately its — 425F liquid 
temperature, warms to about — 260F. 
At this temperature and the pressure 
inside the tube, the hydrogen is gaseous 
and is burned in the combustion cham- 
ber. 


Thrust Chamber Design 

Stainless-steel tubes which form the 
thrust chamber were designed with the 
aid of an iterative computer program. 
This was necessary because of the large 
variations in flow parameters which re- 
in the tube cross-sections. Flow velocity, 
for example, varied from 60 ft./sec. to 
1.000 ft./sec. 

Rockctdyne designers also took advan- 
tage of the difference between the num- 
ber of intake and return tubes to pro- 
vide a space for exhausting the turbine 
exhaust into the combustion chamber. 
At the nozzle midpoint, just above the 
inlet manifold for the liquid hydrogen, 
a second manifold distributes the tur- 
bine exhausts through 180 holes formed 
by triangular gaps between the cooling 

Starting cycle originally was planned 
as the “bootstrap” type used by P&W 
on the RL10A. but the time required 
by the cycle for acceleration to full 
power was too long for the application 
of the J-2 in the Saturn upper stages. 


Augmented Start 

Consequently. Rockctdyne specified 

pressed hvdrogen gas. stored in a sphere 
with a volume of four cubic feet. The 
hvdrogen is expanded through the tur- 
bines during the starting cycle to give 
a rapid spin-up of the turbopump as- 
sembly. This system has the advantage 
of being rc-chargcablc during flight for 
multiple restarts following coasting 
periods. 

For normal operation of the turbo- 
pump system once the cycle has been 
started, liquid hydrogen and liquid oxy- 
gen are burned in a gas generator in a 
fuel-rich environment. The exhaust 
drives the hydrogen-pump turbine first, 
then passes to the oxygen-pump tur- 
bine. After leaving that unit, it is dis- 
charged through the manifold into the 
thrust chamber. 

Studhaltcr said the electrical system 
for the J-2 engine contributes about 
15% of the total cost of the power- 
plant. The major reason for its cost is 
the advanced design of the circuitry, 


which has to operate through a tem- 
perature range botween — 500F and 
+ 140F in addition to surviving the 
other rigors of rocket-engine environ- 
ments. 

Final design of the electrical system 
utilizes more than 1,000 components: 
connections are made with cabling ca- 
pable of withstanding 1.500F. 

One of the problems inherent in the 
design of an engine using liquid hydro- 
gen is that the surface temperatures 
become so low that air liquefies on the 
surface. Streams of liquid air create 
frost and condensation problems and 
also form a serious heat leak. Rockct- 
dyne has designed vacuum jackets for 
the hydrogen ducts and pump. 

Major difficulty in the duct design 
stems from the gimballcd engine, whose 
motions are transmitted to the duct. 
This duct is 21 in. long, and must with- 
stand compression and extension of 
41 in. eacii. plus angular deflections 
and twist. The vacuum )ackct for the 
duct is a double bellows. 

Problems of joint scaling were elimi- 
nated wherever possible by using welded 
connections. But this has not been 
practicable in 112 locations where seals 


had to be used in connections. Rocket- 
dyne has developed a proprietary' pres- 
sure-actuated combination seal to meet 
a specification of zero measurable leak- 
age. It is used throughout the J-2 
engine for liquid hydrogen and oxygen, 
helium and generator hot-gas sealing. 
Largest of these seals is 19.48-in. in 
diameter. 

J-2 Test Stand 

Five test stands are being used in 
the J-2 development program, and two 
of them incorporate altitude simulation. 
They were developed to maintain a 
60,000-ft. pressure altitude in an engine 
capsule during complete start, run, stop 
and restart cycles. 

For continuous running, the engine 
is self-aspirating through a diffuser 
downstream of the nozzle. During 
starting or shutdown cycles, the engine 
pumping is replaced by an annular 
steam ejector wnrking in conjunction 
with a second throat downstream. 

Mechanical gimhal actuator has been 
developed by Rockctdyne for the J-2 
test stand firings. It uses a ball-bearing 
screw to give an actuation force of 42.- 
000 lb. It is a self-contained unit that 
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Aircraft congratulates RCA 
and NASA for the successful or- 
bital operation of six TIROS satel- 
lites in six tries. Lavelle Aircraft 
built the structu res of all six Tl ROS 
weather satellites to specifications 
of the Astro Electronics Division of 
RCA. This is another example of 
Lavelle’s participation in the manu- 
facturing of special component 
parts for the aerospace industry. 
Find out how Lavelle's experience, 
reliability and know-how can help 
you solve problems in airplane or 
aerospace manufacturing. Write 
for the free booklet, "Precision 
Aerospace Components." 


=^Jtnveic^= 

LAVELLE AIRCRAFT CORPORATION 
NEWTOWN, BUCKS COUNTY, PA. 



J-2 LIQUID-HYDROGEN turbopump, shown before testing, is driven by exhaust from a 
gas generator. Unit has a seven-stage axial-flow compressor and a two-stage turbine. 


operates at temperatures down to 
— 300F, avoiding the complexities of 
hydraulic systems that have to work in 
such an environment. This design is 
not yet applicable to flight use. 

J-2 development program began in 
September. 1960. at Rocketdync. The 
basic design of the engine was com- 
pleted in six months, and the first thrust 
chamber and pumps were fired as an 
operating unit in January, 1962. First 
full-thrust, full-duration run was made 
last October, when the test engine was 
fired for 250 sec. 

Saturn Upper Stages 

The engine will be used in upper 
stages of the Saturn vehicle; five will 
power the second (S-2) stage of the 
Saturn 5, and one will drive the third 
(S-4B) stage of the Saturn 5 and the 
second (also an S-4B) stage of the 
Saturn IB. 

J-2 engine is about 10 feet high, from 
the exhaust face to the top component; 
nozzle exit diameter is about 6.5 ft. 
Total engine weight is about one ton. 
Engine is being developed for NASA's 
Marshall Space Flight Center, Hunts- 
ville, Ala. 

Aerojet-General's M-l engine (AW 


Apr. 15, p. 35) stands about 25 ft. high 
and has an exit diameter of about 1 5 
ft. Originally planned for a vacuum 
thrust rating of 1.2 million lb., the M-l 
has been uprated in design so that the 
nominal thrust is now 1.5 million lb. 

Major use envisioned for the engine 
is in the second stage of post-Saturn 
(Nova class) of space vehicles with mil- 
lion-pound payload orbital capability. 
First Tests 

First component tests are scheduled 
for this month (AW Apr. 22, p. 23) 
with the running of the gas generator 
for the turbopump units. Thrust 
chamber and pumps are programed 
for testing before the end of 1963. 

Basic design of the M-l parallels 
that of the J-2 and most other liquid- 
propellant rocket engines. Separate- 
liquid hydrogen and liquid oxygen tur- 
bopumps are mounted on the thrust 
chamber, each driven by its own tur- 
bine. The hydrogen pump is a multi- 
stage axial-flow type, and the oxygen 
pump is a single-stage centrifugal unit. 

Starting cycle is initiated electri- 
cally, Aerojet’s D. E. Price said. Thrust- 
chamber and gas-generator spark igniters 
are energized at the start signal. Main 
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jacketed with double stainless-steel bellows, 
pated J-2 engine operation stresses. 

propellant valves are opened by helium- 
action, and the pumps supply fuel and 
oxidizer to both the gas generator and 
the combustion chamber. Exhaust 
from the gas generator accelerates the 
turbines to steady-state operation. 

During steady-state firing, the engine 
burns more than 3,000 lb. per second 
of propellants. 

To shut down the engine, the gas- 
generator valve and thrust-chamber 
valve actuators are vented, which closes 
the propellant valves to both units and 
shuts off propellant flow. 

Aerojet's liquid-rocket plant facilities 
at Sacramento, Calif., are being modi- 
fied in certain areas to handle the devel- 
opment test program for the M-l en- 
gine. Two liquid hydrogen vessels, 
believed to be the two largest in the 
world, are installed on the site; each 
is double-walled, vacuum-insulated and 
built of stainless steel. One will handle 
test runs and the other will be a catch 
and storage tank. 

Engine test stands will store enough 
propellant to run the M-l up to 500 
sec. Total liquid hydrogen storage ca- 
pacity will be 2.5 million gal.— about 
1.47" million lb. of propellant-seven 
days' maximum production of all the 
liquid hydrogen production facilities 
now in operation in the U. S. 

M-l engine is being developed now 
under cognizance of the Lewis Re- 
search Center of NASA. It originated 
as a development program for the Mar- 
shall Space Flight Center, Contract 
was awarded in April, 1962. originally 
to develop an engine with 1.2 million 
lb. thrust. 

Since then, the thrust soal has been 
increased to 1.5 million lb. target. 
Growth potential has been developed 
to take the engine to even higher 
thrust levels. 



"Organization Charts are just 
paper! What management 
does my project get?” 


Source Selection Board ( cont.): Sure 
your Organization Chart covers all the 
decision areas — but how many of these 
blocks light up on our project? 

TAPCO: They all do. They're people. 
SSB: Okay, let’s say you have the 
horses. But can they pull our wagon? 
What’s their experience, their record? 
TAPCO: I could talk "man years” and 
"up through the ranks” all day. But look 
at it this way. Some of these men made 
the valves for the Spirit of St. Louis. 
Others developed the booster pumps that 
made the Hump Run possible. Others 
have come along since Korea. For exam- 
ple, one of our young men is project man- 
ager on Sunflower. Excuse the corn, but 
what we've got is the kind of mix of old 
pros and hot rookies that wins pennants. 
SSB: What pennants? 

TAPCO: Okay. Specifics. We’ve taken 
on more than 44,000 specific contracts 
in aerospace. Delivered more than 
10,000,000 subsystems, components. 


and parts. 2,360 distinct designs. Over 
$900,000,000 worth. 

SSB: ... at what performance level on 

tapco: We’ve delivered 93% on time 
or ahead of schedule — at or below tar- 
get cost. 

SSB: And the other 1%. You didn’t 
deliver? 

TAPCO: We delivered. We ran into bugs 
. . . but we never ran away from them. 
We came in late on some contracts. Who 
doesn’t? But I don’t believe any of our 
customers in these cases held it against us. 


TAPCO: Because we always delivered. 
And what we delivered did its job. 

SSB: Always? 

TAPCO: Always. 

If you’d like to continue this conversa- 
tion in terms of your specific require- 
ments, phone or write R. A. Paetz, Di- 
rector of Customer Requirements and 
Contracts, Tapco, TRW, 23566 Euclid 
Ave., Cleveland 17, Ohio. 


TRW/Z™5° 
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Thrust vector controls ... from the people at Bendix 

Techniques of steering rocket engines are a specialty of Bendix people. We pioneered in movable 
exhaust nozzles. We are in production on secondary injection systems. We are developing solid probe 
thrust vector controls. □ Other people at Bendix are working on rocket equipment, high temperature 
composite materials, nuclear mechanisms, propulsion controls and landing gear for both aircraft and 
space vehicles. An Aerospace team of skilled and experienced people . . . skilled in all phases of 
program management, backed up by complete engineering and production facilities . . . gives Bendix 
the capabilities to undertake many varied Aerospace programs. □ To find out what this Bendix team 
can do for you, write: General Sales Manager, South Bend 20, Indiana. 

Bendix Products Aerospace Division 




Inflatable Space Station Escape Vehicle 


By Warren C. Wetmore 

Development of a space-station escape vehicle in the form of an inflatable 
re-entry paraglider has become a possibility with the recent award of a $251,- 
000 contract to Space-General Corp. from Air Force's Aeronautical Systems 
Division. The cost-plus-incentive-fee contract— which is to run for a minimum 
of 14 months— calls for the design, fabrication and testing of various structural 


segments of an inflatable paraglider, 
and portions of the wing membrane. 

Fabrication is now under way on this 
program— dubbed Project First (fabrica- 
tion of inflatable re-entry structures for 
test) by the company— which is Space- 
General's second in the area of para- 
glider technology. Three inflatable 
microincteoroid paragliders— (IMP) are 
being developed under an earlier con- 
tract from the National Aeronautics and 
Space Administration's Langley Re- 
search Center (AW Oct. 8, p. 32). The 
first of two IMP flight models is due 
to be launched by an Aerobee 130 in 
mid-Mav, with the second to follow one 
month later. 

Some of the USAF re-entry para- 
glider components are being built to 
IMP scale— about 60% as large— because 
tooling is available from the IMP proj- 

During testing, the components will 
be subjected to static loading under 
IBM 7090 computer control to simulate 
bending, shear and torsion airloads en- 
countered as a function of time during 
re-entry. Simultaneously, the corre- 
sponding aerothennal loads predicted 
by the 7090 will be duplicated by a 


including a wing boom, a keel boom 


battery of quartz lamps. Shock and 
vibration tests also have been sched- 
uled by Space-General. 

Space-General's space lifeboat was 
conceived as a solution to the problem 
of returning the entire crew or a large 
orbiting space station in the event of 
an abandon-ship condition. Such a con- 
dition could arise from meteoroid pene- 
tration, fire, radiation or other circum- 
stances rendering the space station 
uninhabitable. 

The single-place earth-return vehicle 
will consist of a paraglider having the 
characteristic delta gull-wing configura- 
tion, with a cylindrical crew capsule 
located in the keel boom. Contained in 
the capsule will be the passenger’s life 
support system, sufficient for about five 
hours; the inflation system nitrogen 
tanks and plumbing; and the guidance, 
control and stabilization package. 

Length of the capsule will be 10 ft 
and its diameter 28 in., while the taper- 
ing keel boom will measure approxi- 
mately 22.5 ft. over-all and will have 
an apex diameter of 32 in. Launch 
weight of the vehicle will be approxi- 


mately 940 lb. which— with a wing area 
of 280 sq. ft.— gives a wing loading of 
3.36 psf. 

For stowage on board the space sta- 
tion, the uninflated wing booms and 
wing membranes will be furled along 
either side of the rigid capsule and the 
aft section of the keel tube folded ac- 
cordion-style against the aft end of the 
capsule. This configuration is to be 
packaged in a flexible resinous canister. 

along the longitudinal axis. These will 
be joined by Grcak-away lacing to form 
a right circular cylinder approximately 3 
ft. in diameter and 12 ft. long. 

Chief problem in the design of the 
paraglider is in the selection of ma- 
terials flexible enough for inflatable 
structure, yet tough enough to with- 
stand the intense aerodynamic heating 
of orbital glide re-entry. 

Space-General engineers are consider- 
ing the use of Rene 41 fabric as the 
basic load-bearing material. This fabric 
is woven with 40 strands per inch from 
twisted fibers of five 0.0016 wires and 
maintains its strength to about 1.500F. 

Fabric will be impregnated with a 
silicone resin which ablates at tempera- 
tures above 1.500F, and which varies in 
thickness up to a maximum of 0.10 in. 
according to local thermal loads. Wing 
membrane thickness will be 0.015 in. 

Du Pont "H” film-a Mvlar-like 
plastic which retains its structural in- 
tegrity at temperatures approaching 
1,500F— will be bonded to the inside of 


ejected from the station by the' separation mechanism. Package will be snubbed by the cable. At a safc'distance, inflation phase will corn- 
tanks and plumbing, and the guidance, control and stabilization package. 


Under Study 

the impregnated fabric in the inflatable 
portions as a gas barrier. 

Nose stagnation region will be pro- 
tected bv a laminated refrasil phenolic 
heat shield of sufficient thickness— 0.25 
in.— to withstand ballistic re-entry heat 
loads should the para-wing fail. Nonnal 
stagnation point temperature will be ap- 
proximately 3.200F for a period of six 

Access to the capsule will be through 
a dorsal mating-type hatch attached to 


the space station. The occupant will as- 
sume a prone position permitting down- 
ward visibility through a port for control 
of landing. Visibility in other directions 
would be provided through an optical 

Capsule will be supported and iso- 
lated from the keel tube by means of 
longitudinal, nitrogen-filled tubes. Two 
of the bottom tubes will be strength- 
ened to withstand landing shock. 

Flight control system will perform 
the usual orientation, stability and atti- 
tude control tasks necessary for an 
orbiting spacecraft, with the additional 


requirements for supersonic and sub- 
sonic flight. System elements include: 

• Attitude reference subsystem compris- 
ing two body-mounted, two-degrec-of- 
freedom free gyros and readout synchros 
indicating the pitch, vaw and roll angles 
of the vehicle relative to the inertial 
directions referenced by the gyros. 

• Rate gyro package utilizing three 
orthogonally-mounted rate gvros which 
indicate the angular velocities about the 
three control axes. 

• Axial accelerometer for determining 
the vehicle's deceleration. 

• Air data sensor provides signals iu- 
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Taber Transducer checks LOX injector 
pressure on Atlas engine at Rocketdyne 

Hot firing of all engines to make sure they're up to Air Force specifications 
is standard procedure at Rocketdyne, a division of North American Aviation, 
Inc. As this Atlas Booster engine is readied for testing, attention focuses on 
the Taber Bonded Strain Gage Pressure Transducer used to measure gas gen- 
erator LOX injector pressure. 

Taber Transducers are ideally suited for checking pressures such as this, as 
well as for numerous other laboratory, industrial, ground support and airborne 
applications. A wide variety of models is available in pressure ranges from 
0-5 to 0-10,000 psi. Among the many features which contribute to rugged, de- 
pendable performance are: high frequency response, minimum hysteresis, in- 
finite resolution and low sensitivity to temperature effects, vibration and shock. 

For more detailed and illustrated information, attach this coupon to your 
letterhead and mail. 


I 

1 

3 

3 


TO: TABER INSTRUMENT CORPORATION 

AEROSPACE ELECTRONICS 0IVISI0N SECTION 49 
107 Goundry Street, North TonswenUa, N. Y. 


Send detailed information on Taber Teledyne and Teleflight bonded 
strain gage pressure transducers. 
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dicating the dynamic pressure, the pres- 
sure altitude and the rate of descent. 

• Reaction jet subsystem utilizing nitro- 
gen from the inflation gas supply as a 
working fluid, with flow controlled by 
on-off solenoid valves. Large and small 
pitching moments are provided by two 
pairs of large and small thrusters point- 
ing up and down at the aft end of tlu 
keel boom, while two pairs of large a no 
small nozzles on the aft end of the wing 
booms give rolling moments. Yawing 
is accomplished through use of a single 
nozzle pointing aft at the aft end of 
the wing booms. The paraglider will be 
pressurized to 20 psig. above ambient 
pressure, and excess pressure generated 
by re-entry heating will be bled equally 
through the reaction jet system. 

• Flap position control providing con- 
trol in the atmosphere by adjusting the 
length of the cable strung through the 
trailing edge of the wing membrane. 
Warping the trailing edge in this man- 
ner provides the required aerodynamic 
control moments. Under “hands-off” 
conditions— with the control cables at 
their relaxed length— the paraglider will 
trim out at some predetermined nomi- 
nal attitude. The length of the cables 
will be continuously controlled by an 
electromechanical position servomecha- 

• Avionics subsystem providing for the 
programing of the flight control system, 
autopilot compensation, switching op- 
erations. signal processing. 

• F.lcctrical power supply for the flight 
control system, provided by a 28-volt 
battery system. A static inverter will 
generate precise 26 v. 400-cvcle 2-phase 
a.c. for operation of the gyros. 

• Communications channels for voice 
contact between the vehicle and ground 
stations, and for telemetry of ncccssarv 
flight information. Ground tracking will 
be aided by transponder beacons. 

• Instruments and manual controls 
necessary for the operation of the flight 
control system, as well as for control of 
the life support system. 

Launch Sequence 

Paraglider launch sequence will begin 
with the space suit-clad pilot entering 
the capsule— which will be stowed in a 
protective cocoon outside the space 
station— through the sealed connecting 
flange around the entry hatch. After 
securing himself in position he will con- 
duct a systems checkout while the para- 
glider is still attached to the station and 
connected through an umbilical cable. 
Station systems will provide accurate at- 
titude reference and trajectory data. 
Crewmen in the station will then close 
the inner hatch and replace the outer 
hatch, which contains the retrorocket 
package. 

The protective canister containing 
the packaged paraglider will be ejected 
from the station by the separation 
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Who can deliver the most complete line of portable instrumentation recorders? AMPEX 








Why does the aerospace 
industry rank these 
Cutler-Hammer 
power relays no.l? 


r irst, because these power relays have the reputation 
for top reliability. They’re performance-proved on 
thousands of military and commercial aircraft, in space 
and ground-support applications . . . leadership of 20 
years’ standing that has been earned by consistently 
demonstrating ability to operate under the most 
demanding conditions. 

Secondly, because of the way they're made. Every 
Cutler-Hammer power relay has reliability designed and 
built in . . . not merely tested for after the relay is 
produced. They're precisely assembled in Cutler-Hammer’ s 
ultramodern Clean Room. Constant in-process inspecting 
and testing assures adherence to our own exacting 
specifications. Mil Specs are our minimum design goals! 
Finally, bemuse Cutler-Hammer is the leader in the 
power relay field. Even today, Cutler-Hammer is the only 
manufacturer offering a full line of true hermetically 
sealed power relays. 

So, whether you need a-c or d-c, open type or 
hermetically sealed, special or standard power relays, 
call your nearest Cutler-Hammer Sales Office. There’s a 
Cutler-Hammer switch and relay expert in every 
major city in the U.S. You’ll get immediate service and 
full, detailed information. And for a copy of our new 
40-page catalog, publication LU-526, write direct. 


WHAT’S NEW? ASK... 

CUTLER- HAMMER 







Chromallized turbine vanes help 
Pratt & Whitney Aircraft engines attain 
excellent performance and long life. 

Rechromallizing saves airlines substantial sums by 
reducing vane replacement costs 



Chromallized cobalt-base super alloy vanes 
direct the hot gas stream onto the first stage 
turbine of Pratt & Whitney Aircraft JT-4 
engines for upwards of 3500 hours at high 
turbine inlet temperatures. 

Chromallizing. a protective alloy surfacing 
process, guards superalloy turbine parts 
against oxidation, intergranular attack and 
loss of strength due to alloy depletion. Ma- 
terials which otherwise would deteriorate 
prematurely, now withstand the effects of 
high temperatures for longer periods of time. 
Over a million Chromallized vanes have 
proved their reliability in service on the 
JT-4 and other Pratt & Whitney Aircraft 



HROMALLOY DIVISION 


But better performance is only part of the 
story. . .during engine overhaul, vanes can 
be recoated for less than one-fourth their 
replacement cost. Cost reductions realized 
by the major airlines using this approved 
procedure are substantial. 

Briefly. Chromallizins is a pack cementation 
process in which alloying elements are dif- 

ing an integral alloy case that is highly 
resistant to oxidation, corrosion and wear. 
Depth of the alloy case can be controlled. 

And there is little or no dimensional change 
as a result of the process. Composition of 
the surface coating can be varied for iron, 
nickel, cobalt-base superalloys to meet ser- 
vice requirements. 

In addition to turbine vanes, similar high 
temperature parts such as turbine blades, 
combustion chambers, burner tubes, etc., can 
be protected by Chromallizing. For more de- 
tailed information write for a free copy of 
CHROMALLIZING OF SUPER ALLOYS. 
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mechanism. The package will be 
snubbed bv the umbilical cable and 
then— at safe distance— the inflation 
phase will commence with the release 
of the lacing restraining the canister. 

To prevent rupture, the inflation 
phase will be divided into two stages. 
The paraglider will be formed at 1.0 
psig. over a period of 90 sec. to permit 
proper deployment. 

Final inflation pressurizes the para- 
glider to 20 psig. 

The inflated paraglider will be ma- 
neuvered— using both yaw jets simul- 
taneously to provide forward propulsion 
—back to a launch platform on the space 
ship, where the attitude gyros will be 
aligned. The umbilical cable will be 
disconnected and the vehicle maneu- 
vered into the proper pitched-down 
retrofire attitude by means of the ntti- 

For the desired range of re-entry flight 
paths, incremental velocities from 400 
to 600 fps. are required. With a nom- 
inal specific impulse of 260 see. and a 
propellant fraction of 0.95. the four 
rctrorockcts producing this increment 
will weigh approximately 90 lb. Their 
thrust axes will be aligned through the 
center of gravity of the vehicle along 
the centerline of the keel boom. 
Reaction Jet System 

The vehicle will be maintained in the 
proper attitude during retrofiring by 
means of the reaction jet System, which 
will provide enough control moment 
to overcome any moments arising from 
misalignment of the rctrorockcts or 
center-of-gravity displacement. 

Time required to transfer from the 
circular orbit of the space station at 320 
naut. mi. altitude to re-entry is approxi- 
mately 26 min. Initial re-entry condi- 
tions are 940 lb. gross weight, a velocity 
of approximately 26,000 fps. at an alti- 
tude of 300,000 ft. and a flight path 
angle of —2 deg. The desired angle of 
attack upon entering the atmosphere is 
12 deg. 

The paraglider will be designed to 
possess a nominal re-entry lift-drag ratio 
of 0.5. which can be varied by changing 
the angle of attack. Deceleration is pro- 
portional to this ratio during the early 
portion of atmospheric flight, and will 
be controlled by the automatic attitude 
control system which— by means of the 
signal from the axial accelerometer— 
corrects the pitch angle to maintain the 
deceleration below a prescribed level. 
Vehicle temperatures also will be moni- 
tored and they will be kept below the 
critical value by controlling the level of 
deceleration. 

The increase of aerodynamic forces 
will be accompanied by heating of the 
gas supply for the reaction jets. This 
causes an increase in their specific im- 
pulse and thus the jets will become 
more effective in controlling the vehicle. 


Flap position activation will replace 
leaction jet control after dynamic pres- 
sure— on entering the supersonic flight 
regime— has mounted to a point where 
aerodynamic control is possible. Re- 
lieving the tension in both control 
cables will produce a nose-up pitching 

result in a nose-down pitching moment. 
Rolling moments— and hence yawing 
moments required to produce a coordi- 
nated tum— will be obtained by asym- 
metrical displacement of the two con- 
trol cables. 

Pitch Attitude Control 

Flight control system will be switched 
to a mode in which pitch attitude is 
controlled to make the dynamic pressure 
conform to a precomputed relationship 
to pressure altitude. Lateral stability 
will be achieved through the use of the 
yaw and roll gyros, and roll angle will 
be controlled in such a manner that the 
paraglider will fly the heading indicated 
by the yaw-position gyro. 

Control force gradients will be un- 
usual inasmuch as increased forces will 
be required to pitch down or trim at 
higher speeds and decreased control 
forces will be necessary to pitch up or 
trim at lower speeds. Space-General en- 
gineers recommend that this condition 
be remedied by incorporating an arti- 
ficial feel control boost device into the 
control system in the event of manual 
override of the automatic system. 

By the time the vehicle has deceler- 
ated through Mach 1. cooling from re- 
entry temperature will have reduced the 
inflation pressure below the 20 psig. 
differential. This loss will not be made 
up immediately, since subsonic ma- 
neuvering of a paraglider is better ac- 
complished with a more flexible struc- 

Subsonic lift-drag ratio will be ap- 
proximately 4.0. 

Pitch attitude will be controlled to 
cause the vehicle's rate of descent to 
follow a prescribed function of altitude, 
while lateral control will be accom- 
plished in a manner similar to super- 
sonic flight. 

Terminal Flight Control 

After ground stations located near 
the desired landing area have acquired 
the paraglider, terminal flight control- 
involving adjustment of descent rate 
and heading— can be made through 
voice communication with the pilot or 
by radio command. Vertical velocity 
reduction for landing will be accom- 
plished by means of an aircraft-type flare 
maneuver, after the paraglider has been 
repressurized back to 20 psig. Landing 
skids will not be necessary, since the 
passenger capsule will be supported 
pneumatically inside the keel boom, 
thus enabling adequate absorption of 
the ground impact loads. 


Problem: 

How to reliably 
activate a relay 
200 miles out 



miniature 

piston 

actuator 


Other solutions include i 5 fundamen- 
tally different squib-aclivated devices 
developed and perfected by Atlas to 
amplify a minute electrical impulse 
into positive mechanical energy. They 
are used as safety mechanisms ... as 
locking or releasing devices ... to pre- 
vent or permit rotation or linear travel 
... or to activate a relay, latch, or 
mechanical load. 

Basic reliability is assured because all 
Atlas actuators operate on a simple 
principle of nature. There are no elec- 
tronic circuits or mechanical parts to 
fail. And they meet MILspecs for resist- 
ance to shock, vibration, acceleration. 
Send for technical literature with data 
and specifications on the complete line 
of squib-activated switches, igniters, 
and actuators . . . products of Atlas 


(DtTLAS 

CHEMICAL INDUSTRIES, INC. 
Aerospace Components Div. 
Wilmington 99, Delaware 
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WHAT 

HAPPENED 

AT 

CONTROL DATA 
CORPORATION 


after they installed an Ultek BoostiVac* high vacuum system 


Control Data Corporation, actively engaged 
in improving the state of the art in com- 
puter memory and storage devices, chose 
an Ultek Model 70-410 BoostiVac* system 
for developmental use in the deposition of 
magnetic films. This is what happened: 

1. Deposition pressures more than 1 dec- 
ade lower than obtained with oil diffu- 
sion pumped stations 

2. Ultimate pressures in the complete sys- 
tem (with fixturing and all associated 
feed-throughs) three decades lower 

3. Cleaner substrate surfaces prior to film 
deposition, afforded by higher oil-less 
vacuums with higher substrate tempera- 
ture 

4. Elimination of liquid nitrogen 

5. Ability to maintain the station under 
high vacuum at all times (except when 



loading, unloading) without concern for 
oil vapor contamination associated with 
backstreaming of oil diffusion vapors 

6. Freedom from concern with vacuum 
pumping station damage due to power 
failures. 

What happened at Control Data could hap- 
pen to you, if you're working in thin films, 
vacuum tube processing, space simulation, 
or other effort requiring clean, contami- 
nant-free high vacuum. Working with Ultek, 
you'll benefit from the accumulated knowl- 
edge and experience of the originator of 
the revolutionary BoostiVac principle — the 
dynamic combination of a cold-cathode ion 
pump with a titanium evaporator (sublima- 
tor). Drop us a postcard today for details, 
and we’ll send you a copy of our compre- 
hensive 52-page booklet, "A little bit about 
almost nothing.” Ask for booklet #70. 


Offices in: New York, Boston, Philadelphia, Cleve- 
land, Chicago, Los Angeles, Seattle, Palo Alto; 
and representatives in major cities overseas. 


P.O. Box 10920, Palo t 
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AFSC Cites Lubrication Research Needs 


Bv Erwin J. Bulban 

San Antonio, Tex.— Powerplant and systems lubrications requirements of 
future aircraft and spacecraft pose severe challenges for the petrochemical 
industry and equipment manufacturers, emphasizing a need for new research 
efforts to obtain solutions. 

Attention was focused on these pressing needs by Air Force Systems Com- 
mand during its 1963 Aerospace Fluids and Lubricants Conference here. 


These include: 

• Lubricants for advanced turbojet en- 
gines capable of maintaining fluid in- 
tegrity at bulk oil temperatures— the 
temperature of the oil supplied to the 
engine— two to three times the current 
300F requirement. Improvements will 
be required in oxidation stability, load- 
carrying ability and in higher spontane- 
ous ignition temperature. 

• Greases that will work properly at 
temperatures at least 50% higher than 
current materials on rotating elements 
having speeds approximately double 
those today. 

• Hydraulic fluids that will be required 
to operate at temperatures approxi- 
mately double those of current products, 
while maintaining good lubricity, yet 
having superior low-corrosion and fire- 
resistant qualities. 

Even stiffer requirements will be im- 
posed on these products for use in 
future spacecraft operating in deep 
vacuum environments on missions of 
several years, particularly unmanned. 
Fluid Formulations 

In an attempt to solve these prob- 
lems. the using agencies and industry 
are studying numerous fluid formula- 
tions. Both users and suppliers admit 
that the problems are compounded by 
the fact that in many cases the engines 
or equipment to which these lubricants 
are to be applied are either in extremely 
short supply or do not exist, greatly 
complicating development and evalua- 
tion of the lubricants. 

Even in cases where engines arc avail- 
able for final qualifying tests, costs of 
such evaluation are extremely high. A 
100-hr. lubricant qualification test on a 
turbojet can cost in the neighborhood of 
SI 00,000 and can stretch out for two 
years. A rule-of-thumb reference to 
lubrication development time men- 
tioned during the conference was that 
this generally takes the same time as 
the engine development. 

Air Force, which has the technical 
responsibility for the U.S. supersonic 
transport program, is keenly aware of 
the lubrication problems that lie ahead 
in this project because of its initial ex- 


perience on the North American RS-70. 
General Electric, which is supplying the 
advanced J93 turbojet for the bomber, 
also is concerned. 

General consensus is that while in 
the past oil deterioration has been the 
area of major concern in engine lubri- 
cant development, now and in the fu- 
ture engine deposits probably will be 
the primary concern. 

SST Goal 

General Electric's D. C. Berkev, 
pointing out that the goal for time be- 
tween engine overhaul for the SST is 
2,000 hr., noted that experience with 
Mil-L-9236B lubricant for the RS-70’s 
J93s indicate that this lubricant's oper- 
ating life is only 25 hr. before an oil 
change is required. After 200 hr. of 
engine operation on this oil change 
basis, engine face seal coking deposits 
have built up to a point where they in- 
terfere with the seal operation and re- 
quire dismantling of the engine. 

Berkev stated that the supersonic 
transport probably will require iubricat- 


Lubrication Problems 

San Antonio. Tcx—AIl aircraft and en- 
gines have their share of lubrication prob- 
lems. USAF Aeronautical Systems Div. 
representative K. L. Berkev noted at the 
USAF-sponsorcd Aerospace Fluids & 
Lubricants Conference here. 

Berkev listed vehicles which have en- 
countered some form of lubrication prob- 
lem in the past year. Most of these 

ment items, which also use engine oil as 

auxiliarv powcrplants. have also been af- 
fected.' 

Vehicles included the B-47. B-52. C-54. 
C-119, C-130, 0133. F-100, F-104, 
GAM-77. H-43B. KC-97, K0135, T-38, 
U-3B, U-10 and the X-15. Of these, the 
B-52H, 0133. F-104. and X-15 enconn- 

odic grounding' of aircraft, he noted. 


ing oils capable of operating at bulk oil 
temperatures of 400-600F, in order to 
have a self-contained engine system. 
Auxiliary cooling devices could possibly 
be used to maintain oil temperatures at 
400F or less, but they add weight and 
complexity to the system. 

He stated that although some im- 
provement is expected in the Mil-L- 
9236 family of lubricants— which are 
designed for 400F operation— it is not 
anticipated that it will meet supersonic 
transport requirements unless major im- 
provements could be achieved in oxida- 
tion stability and production of solid 
products of decomposition. 

Berkev stated that a relaxation of the 
low-temperature requirement is antici- 
pated in order to achieve higher bulk 
oil temperatures and improved oxida- 
tion stability, since industry feels that 
a — 40F starting capability would be un- 
realistic for a commercial supersonic 
transport. 

Lubrication requirements for Mach 
3.5 and above also are not too well 
defined, he noted. It is expected that 
the bulk oil temperature of a typical 
turbo-ramjet powerplant for this speed 
regime will be in the range of 500F to 
700F while operating as a turbojet. In 
addition the engine would have to be 
capable of windmilling in a high am- 
bient temperature. During windmilling, 
there would be some lubricant heat 
sink, but the lubricant would be sub- 
jected to extremely high local tempera- 

Ether Family 

A promising candidate for the high- 
temperature operating regime is the 
5P4E polyphenol ether family, which 
Aeronautical Systems Div. technicians 
consider a good lubricant up to 600F 
or more, but is fluid only above 40F. 

G. A. Beane, of ASD, indicated that 
the problem appears to come down to 
development of lubricants capable of 
operating in the 20F to — 40F range 
and at bulk oil temperatures of 500F. 

ASD would like to receive one or two 
candidate oils from each research or- 
ganization willing to participate in the 
program for evaluation and cataloging. 
ASD’s philosophy is not to establish 
tight requirements on properties such 
as viscosity, volatility, evaporation, rub- 
ber swell, load capacity, flash point 
and other detail characteristics, but to 
ask only that such candidate lubricants 
be fluid at zero F or lower, that they be 
thermally and oxidatively more stable 
than Mtl-L-9236 and that they repre- 
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NUMBER ONE IN ELECTRICAL CONNECTORS... I 1 


SOLVE 
SPACE AGE 
PROBLEMS 
BETTER ... 

SPECIFY 
CANNON 

KV 26500 

PLUGS 




SPECIFICALLY DESIGNED TO EXCEED THE PER- 
FORMANCE REQUIREMENTS OF MIL-C-26500. This 
new CANNON Series provides high temperature, gen- 
eral purpose plugs with crimp snap in contacts... is 
designed to exceed the requirements of the MIL-C- 
26500 specification for meeting the increased environ- 
mental demands of missile and space vehicles. The 
CANNON KV 26500 will help you solve your space age 
connector problems better with these outstanding new 
features: LEAD-IN CHAMFER ON HARD CLOSED 
ENTRY SOCKET INSERT • REAR INSERTION/EX- 


TRACTION OF CONTACTS AND TOOL • INTER- 
FACIAL SEAL WITH RAISED BARRIERS AROUND 
EACH PIN CONTACT • EXPENDABLE PLASTIC 
TOOL CANNOT DAMAGE INSERT • SIMPLER, 
STRONGER CONTACTS RESIST BENDING • NEW 
BUTT-TYPE PERIPHERAL SEAL. Whatever your 
requirements, whether ground based or outer space, 
specify CANNON, the world's largest and most expe- 
rienced manufacturer of electrical connectors. For 
further information, write to: 


CANNON ELECTRIC COMPANY 


sent the lowest deposit-forming experi- 
mental lubricant development by the 
manufacturer at the time they are sub- 

Navy also is preparing for a new 
synthetic lubricating oil intended for 
use in growth versions of turboshaft 
engines and transmissions of next gener- 
ation helicopters and turboprop-powered 
fixed-wing aircraft which will require 
oils with higher load-carrying capabili- 
ties and fatigue characteristics. 

Bureau of Naval Weapons engineer 
A. Lockwood discussed an experimental 
lubrication specification, XWS-2994 
PP, which is considered past its devel- 
opment stage and will be issued as a 
military specification later this year. 

The new requirement basically calls 
for a higher viscosity lubricant— 5 cen- 
tistoke at 21 OP— and an casing of the 
low-temperature requirement to — 40F 
from the standard — 65F. Navy con- 
siders this possible since experience has 
shown that the fonner standard was 
not actually necessary, based on oper- 
ating experience. Lead corrosion limits 
and rubber swell characteristics are the 
same as those in current Mil-L-7808 
specification. 

A 200-hr. and a 600-hr. test are 
under way at Sikorsky on SH-3A heli- 
copter transmissions with a promising 
candidate in the new specification. A 
full-scale engine test is being run on an 
Allison T56-A-3 turboprop at Navy's 
Aeronautical Laboratory for a 150-fir. 
period. The latter involves two separate 
oil systems: one system for the power 
section operating at an elevated "oil-in” 
temperature of 300F and one system 
for the gearbox at a normal "oil-in" 
temperature of 180F. Splitting the sys- 
tem into two parts permits separate 
evaluation of a candidate oil for its 
oxidation and thermal stability in the 
power section as it would apply to con- 
ventional jet engines and also its load- 
carrying and fatigue-resistant abilities in 
the reduction gearbox. 

Gearbox test results also may be cor- 
related to helicopter transmission per- 
lite highcr-ccntistokc oil specifica- 
tion is expected to be retained for some 
time to come. Future revisions— for the 
V/STOL aircraft of the 1970 era— 
probably will require lubricants having 
higher load-carrying capacity, improved 



New 6-page folder from G.E. shows you . . . 


An easy way to valne-anulyze 
competing brands of high 
reliability receiving tubes 


| know U how y difficult it is to ' compu^accu- 
I This is due primarily to"%a wfde range 

there is a solution to this problem . . . 
dure tor high reliability tubes. The tree 




• Value-analysis data on G-E 5-Star tubes 
to show the type of information you 
should expect from your tube supplier 
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• The location of your nearest G-E Tech- 
nical Information and Product Service 
(TIPS) office. 


Lubrication Requirements 
USAF Weapon Systems 



GENERAL i|| ELECTRIC 

For rapid availability on all G-E high 



For pour her ealue-onatyaia folder, s end pour 

head, to: G-E TIPS. General Eieelric Company, 
Room iOOS, 31 6 East 9th, Oteeneboro, Kp. 
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Now — an easy-to-use, portable calibration pressure system 

CEC’s 6-201 Primary Pressure Standard combined with new 6-003 Calibration Pressure Controller 


In field or lab, CEC's great new calibra- 

the first factory-made system on the mar- 
ket. It’s highly accurate, highly reliable, 
ond highly portable. 

CEC’s Type 6-003 Pressure Controller 
makes this calibration pressure system 
possible. All essential controls are included: 
pressure volume regulator, input and out- 
put connections, coarse control, gage, feed 


the pressure standard and built-in filter. 
Portability allows you to take it from field 
to field. ..plug it in and get faster, precise 
onswers. Type 6-003 fits a 19* rack with 

panel, comes in a hardwood carrying cose. 

Other port of the calibration pressure 
system is CEC's Type 6-201 Primary Pressure 
Standard, lightweight, easy to operate 


ond portable. Why not investigate? Call 
your nearby CEC office, or write for de- 
tailed specifications contained in Bulletins 
CEC 6201-X9 and 6003-X9. 


CEC 

CONSOLIDATED ELECTRODYNAMICS 


FOR 

fast 

calibration... 

CEC’s 

Miniature 

Electromanometer 

System 


Here’s a versatile, all solid-stale 
system for fast calibration of large 
quantities of pressure transducers 
...in lab, field or process control 
applications. Using the force-bol- 

slable and reliable — accuracy 

with wide choice of readouts. 
System includes: 




fatigue characteristics and oxidation and 
thermal stability. Load-carrying and 
fatigue properties will be essential for 
design of lightweight power systems for 
V/STOL aircraft. The improved oxi- 
dation and thermal stability character- 
istics will be needed to handle the high 
temperatures that will result from low- 
altitude, slow and hover flight regimes. 

Air Force grease requirements for 
future space vehicles include need for 
materials that will withstand ball and 
roller bearing rotation speeds of 45,000 
rpm. and a temperature range of — 40F 
to 600F for a minimum of 500 hr. 
without lubrication, John B. Christian 
of ASD reported. Loads would be on 
the order of 25 lb. radial up to 
75% of the rated capacity of the bear- 


ing. Advancement of the state-of-the- 
art to a considerable degree obviously 
will be needed to develop the future 
grease lubricants mentioned by Chris- 
tian for use over the entire temperature 
range of — 1 OOF to 1 ,000F. 

Laboratory studies of experimental 
greases applied to bearings operating 
at 600F and 20,000 rpm., reported by 
P. R. McCarthy, Gulf Research & De- 
velopment Co., indicate some of the 
problems facing the user and industry 
in development of new materials. Best 
greases available, operating under such 
conditions, showed a performance life 
of 150-250 hr. When bearing rota- 
tion speeds were advanced to 50,000 
rpm., grease life fell off to about 50 hr. 
At 45,000 rpm., it dropped off to only 
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THE WEATHER 


k Sinter 


Any weather 
isF-105D 
weather. 


The Republic F-105D flies every mission in the book: air- and flight-control gear. All integrated, functioning as a 
to-air, nuclear or conventional bombing, ground strikes single system, always under the pilot’s control, 
to support troops. And it flies them in the blackest of The F-I05D Thunderchief has all of it. It is the only 
storms, even when ceiling and visibility are so low that U.S. military aircraft that tloes. 

you can’t tell a tank from a tanker. Ask the Air Force pilots who have flown F-I05S on 

This is true all-weather capability. It requires radar with over twenty thousand missions through the worst weather 
ground-map, contour-map, terrain-avoidance and air-to- European and Pacific skies can boil up. 
air modes; automatic electronic navigation, fire-control Any weather is F-I05D weather. 

■ ■ -~ 

REPUBLIC 



RB-57D Marked for Camera Experiment 


USAF/Martin RB-57D reconnaissance aircraft has been marked by Minncapolis-Honcywcll 

capability. RB-57D will fly beneath a high-accuracy camera mounted in a gondola which is 
suspended from a balloon at altitudes ranging up to 100.000 ft. Gondola will be reaction 
jet-stabilized. Photos of the test patterns and mirrors, risible as convex humps on the wings 

20 hr. These tests indicate that 500- tions of an ultimate temperature range 
hr. minimum life at 600F and 20,000 capability of — 65F to 700F. 
rpm. will require considerable research Details of some of the malfunction 
and time to achieve. Target 500 hr. problems described by Berkev as typical 
life at 600F and speeds of 30,000 rpm.- examples were: 

45.000 rpm. seems to be out of range. • Douglas C-133’s P&W T34 turbo- 
McCarthy indicated. Research in these prop engine has encountered what he 
materials has just scratched the surface, termed serious reduction gear problems, 
he said. a number of in-flight failures having 

The over-all capabilities of hydraulic occurred involving virtual nose section 
fluids for use in aerospace vehicles and disintegration. Pratt & Whitney con- 
support equipment will require major tended that the Mil-L-7808 oil was too 
expansion to meet forthcoming needs, low on load-carrying ability (LCA) for 
Aeronautical Systems Div. technicians the T34 engine and recommended three 
reported. High temperature capabili- older blends having a higher LCA. In 
ties should be increased to 700F, while view of the fact that these engines 
maintaining good properties at — 30F. had their power ratings increased to 
good lubricity and better fire-resistant 6,500 shp. and 6.950 slip, from the 
qualities than today’s fluids. As a mcas- earlier designed rating of 5,500 shp., 
lire of what these parameters mean, this recommendation was considered 
Monsanto Research Corp. spokesmen valid. Accordingly. San Antonio Air 
point out that fire-resistant fluids now Materiel Area (SAAMA). which has en- 
used are not thermally stable above gineering responsibility for the T34, 
225F and cannot be used in the 400F adopted P&W's comments, has pro- 
environment predicted for the super- cured one of the three oils recom- 
sonic transport. mended, and along with modifications 

The polyphenol ethers appear to to the nose section, is receiving satisfac- 
offer the best thermal and oxidative tory service from the powcrplants. 
stability of currently available formula- Since the C-133 operates from only 
tions. They show a capability of operat- two bases, the SAAMA decision to use 
ing up to about 850F, but their low- the selective oil was not objected to by 
temperature qualities leave something ASD. since no logistics problems are 
to be desired, with pour points ranging involved, but this practice is normally 
from zero to 60F. Deep dewaxed min- discouraged on aircraft which operate 
eral oils and synthetic hydrocarbons from numerous stations, 
also have some promise, with indica- ASD is investigating the possibility 
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ON MERCURY 
CHOSEN 
FOR GEMINI 


The same operational perfection . . . the same switch- 

HAYOON SWUH monitors vital space lunctlons on NASA's 
Gemini Spacecralt, 2-man rendezvous flights. 


ness under unique environmenlal extremes have proved 

equal lo demands of the last maturing space effort. 

HAYDQN SWITCH experience on Mercury Systems, Polaris 
Systems, the F-104 and others . . . assures switching 
precision when you need dependability In ACTION! 
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HONEYWELL ADVANCED TECHNOLOGY REPORT NO. 3 


How can research lead to improved 



Battlefield of the future will be patrolled by passive 
influence fuzes that will trigger warheads by sensing 
specific circumstances such as (1) the pressure signatures 


of personnel entering the area, (2) the sound pattern or 
infrared radiated by a vehicle, and (3) disturbances of 
ambient magnetic fields by vehicles or personnel. 


Operations analysis conserves R&D funding 


Due to increased costa in developing 
ground weaponry, Honeywell has 
established an operations analysis 
capability that analyzes all facets 
of a weapon system design during 
the pre-development and develop- 
ment stages. This capability enables 
government agencies and Honey- 
well researchers to conserve R&D 
funds by determining the weapon 
systems needed, what their per- 
formance should be and how they 
can be used to best advantage. 

Three major aspects of operations 
analysis are stressed at Honeywell: 

1. REQUIREMENTS ANALYSIS de- 
termines which areas require new or 
improved weapons. Intelligence on 
enemy force structure, equipment, 
strategy and tactics is analyzed and 
recommendations for improvements 
or new weaponry made. 

2. SYSTEMS OPERATIONS provides 
data on development and how the 


system is to be used. For example, 
target analyses identify tactical 
situations and define target types. 
Target vulnerability is defined. Sys- 
tem cost and cost-effectiveness and 
weapon system vulnerability and/or 
survivability are also determined. 
3. WEAPONS ANALYSIS establishes 
optimum values of design parame- 
ters on the basis of maximum sys- 
tem effectiveness. During the initial 
phase of a development program, 
for example, mathematical models 
for evaluating warhead and system 
effects are established and pro- 
grammed. Working closely with 
design engineers, weapons analysis 
personnel evaluate a warhead and 
its components to determine effect 
on total system performance. Para- 
metric studies are conducted to 
establish design trade-offs and to 
determine optimum system per- 
formance characteristics. 


Future tanks will fire 
accurately while moving 

The moment a tank stops to zero-in 
on a target, it may become vul- 
nerable to enemy attack. This 
liability may be reduced by a new 
system being developed at Honey- 
well for the Army Tank Automotive 
Center. Currently in breadboard 
form, the Target Referenced Tank 
Gun Control System will allow a 
tank gunner to very accurately hold 
his gun sight on a stationary target 
while the tank is in motion. The 
tank gun is kept zeroed-in on the 
target by the use of gyros, acceler- 
ometers and an analog computer 
which provide the pitch, yaw and 
translations of the tank gun during 
the maneuvers. This information is 
used to automatically and continu- 
ously re-direct the gun and turret 
to the target. In addition, Honey- 
well is studying automatic tracking 
of a moving target by a moving tank. 


pund warfare preparedness? 


New weapons system concepts will result 
from government-industry advanced R&D 


U.S. Army plans caU for a signifi- 
cant modernization program during 
the next decade. The fiscal ’64 Army 
budget proposed a substantial in- 
crease for research, development 
and procurement. If approved, this 
will make it possible for the Army 
to step up its pace in modernizing 
its ground warfare techniques and 
equipment. 

Improvements in Army mobility, 
close air support of combat units, 

Mathematics 
breakthrough 
leads to inertial fuze 

An inertial fuze, several times more 
accurate than any other inertial 
fuze, has been devised by Honey- 
well for pinpoint detonation of a 
missile warhead. Less complex than 
a radar fuze, it is practically unaf- 
fected by vehicle and trajectory 
variations or atmospheric pertur- 
bations. 

The Honeywell fuze, portions of 
which are currently in breadboard 
form, can be made virtually insen- 
sitive to nuclear radiation. Since it 
operates by sensing changes in the 
density of the atmosphere, it can 
be used on any warhead having a 
sufficiently high re-entry altitude. 

The design of the inertial fuze 
was facilitated through the use of 
the adjoint analysis technique — a 
mathematical concept fashioned by 
Honeywell for use as an evaluation 
and design synthesis tool. 

Needed was a combination of ef- 
ficient and accurate simulation of a 
ballistic missile and its trajectory; 
the adjoint program was the break- 
through that produced such an eval- 
uation in six degrees of freedom on 
a single computer run. 


target tracking, stabilization and 
fire control, communications, com- 
mand and control — all of these and 
others will result from the research 
and development effort. 

A number of these new system 
concepts are now being studied by 
R&D groups at Honeywell (see ex- 
amples below). Under funding from 
government agencies and our own 
independent development funds, 
Honeywell is investigating ad- 



Laser range finder being developed 
by Honeywell under a company 
sponsored program will be mounted 
inside a tank as shown in this art- 
ist’s conception. The pulsed ruby 
laser will be considerably smaller 
than present optical range finders. 


vanced concepts in the areas of mis- 
sile systems, fuzing, warheads, guns, 
artillery, mines, bombs, stabiliza- 
tion and fire control, surveillance, 
communications and data handling, 
and training and simulation. 

These programs are an indication 
of how the capabilities of industry 
can assist government laboratories 
and agencies in their activities to- 
ward improving the Army’s combat 
effectiveness. 

For more information on our re- 
search, experience and capabilities 
in ground warfare technology, write 
Honeywell, Dept. 671-K, Minne* 
apolis 40, Minnesota. 

Laser evolving 
as ranging device 

Honeywell is developing a laser 
range finder for tank fire control 
and helicopter weapon systems. 
While similar to radar, the laser 
system has a beam less detectable 
by the enemy. It also reduces back- 
ground clutter that often compli- 
cates battlefield ranging problems. 

Both gaseous and solid state 
approaches are being studied, aim- 
ing at a range of at least 5,000 
meters, data rate of ten bits per 
second and a total weight of 15 
pounds. All of the engineering re- 
sources for development of such a 
laser are available at Honeywell. 

Honeywell is also investigating 
improved laser materials, advanced 
techniques of pumping, possibilities 
of operating in new parts of the 
spectrum, and higher power in 
pulsed and continuous wave lasers. 


Honeywell 







U.S. Navy Evaluates Australian Target System 

U. S. Navy Missile Center, Pt. Mugu, Calif., is conducting a second series of evaluation flights with the Australian-built Jindivik jet-pow- 
ered target aircraft. Current program of 20 flights will provide targets for Pacific Fleet ships on the Pacific Missile Range. Specially 
configured Jindivik systems are being used as targets for fleet surface-to-air missiles. Australian system is 23 ft. long with a wing span of 
25 ft. 7 in. and is radio-controlled. Speed capability is near Mach 1, and the system can operate above 60,000 ft. 


of using the newly developed Navy 
XWS-2994 PP lubricant for possible 
use in the T34 because of its LCA and 
higher viscosity. 

• Lockheed G-130's Allison T56 turbo- 
prop engine, Berkey reported, is in the 
midst of an oil coking and sludging 
problem, resulting in oil jet and screen 
plugging, oil seal failures and other 
component problems. Oklahoma City 
Air Materiel Area, which has engineer- 
ing responsibility for the T56, in con- 
junction with Allison, has made several 
modifications in screens, seals, operating 
and maintenance procedures without 
too much success, Berkey reported. He 
noted that this appeared to be another 
case where difficulties may have been 
engendered bv increasing the engine 
power rating from 3,750 to 4,000 shp. 
last year. 

No information has been made avail- 
able to ASD to indicate that tempera- 
ture profiles have been accomplished 
on the uprated power section to deter- 
mine the locations of critical hot spots. 

Until this is done, ASD believes that 
the problem will not be solved and it is 
very questionable that modifications to 
seals, screens and other engine compo- 
nents will provide enough of a “crutch” 
to sufficiently ease the problem, Berkey 
stated. 

• Boeing B-52H Sundstrand constant- 
speed drive is having problems of oil 
coking and sludging, according to Ber- 
key. This unit uses Mil-L-7808 oil. One 
design change in the oil system provided 
for additional cooling of the oil in later 
B-52Hs delivered to bases in Florida 


and in South Dakota. These aircraft 
initially had consistently better reli- 
ability than earlier aircraft not having 
the new coolers. But with the advent 
of winter, the Northern B-52H base 
re-encountered the initial problem, 
while the Florida base did not. The 
engine-driven drive in turn drives a 
120-kva. alternator. Each airplane has 
four of these packages. The South 
Dakota base experimented with their 
training aircraft by allowing a 10-miii. 
warmup period after engine start before 
application of any appreciable loads to 
the alternator, which showed improve- 
ment in reliability. 

With the SAC operational commit- 
ments, the alert aircraft do not have 
10 min. for warmup purposes, Berkey 
noted. ASD is initiating a test program 
with closely controlled and instrumented 
CSD’s to attempt to define the prob- 
lem. 

SAC has also requested that the 
CSD manufacturer’s contention that 
different brands of 7808 oil should not 
be mixed in individual drives be inves- 
tigated. 

OCAMA, Middletown AMA, SAC 
and ASD are establishing a sendee test 
at one B-52H base to generate opera- 
tional information on mixing. 

A-6A Computer 

Giannini Controls Corp. will build 
central air data computers for Navy’s 
A-6A Intruder aircraft under a $1,100,- 
000 contract from Grumman Aircraft 
Engineering Corp. 


‘Eyeball’ Exercise Set 
For Detection Methods 

Washington— Long-range program to 
field-test military detection, inspection, 
and surveillance methods will be 
launched this spring with a game test- 
ing the capability of ground personnel 
to distinguish equipment at fixed loca- 
tions by "eyeball" inspection. 

The program, known as Project Cloud 
Gap, is a joint venture of Defense Dept, 
and the Arms Control and Disarmament 
Agency. 

The first gaming exercise will be held 
at a large Army installation, such as Ft. 
Knox, Ky., or Ft. Hood, Tex. 

This will be followed, probably in 
the early summer, by a sophisticated 
exercise in which the targets of inspec- 
tion will be mobile equipment and the 
ground “eyeball” inspectors will be 
aided in the exercise by inspection from 
helicopters. 

These other projects are in the early 
planning stages: 

• Field test to determine the capa- 
bility of sensor equipment such as 
radars and infrared devices. 

• Small-scale prototype test to deter- 
mine the capability of an integrated in- 
spection using ground and air methods 
and devices and data processing. 

Dr. Lessing Kahn, a military systems 
analyst with ACDA, is project manager 
of Cloud Gap. Deputy project manager 
is Brig. Gen. Edwin S. Chickcring, a 
career Air Force officer with extensive 
operational background. 
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Systems Engineers . . . 


some plain talk about ground 
floor openings at Honeywell 


Honeywell has formed the nucleus of its 
weapons systems group and is now ex- 
panding its capabilities in this field. We 
have a competent group of experienced 
men. Hand-picked pros. We need more 
men just like them. It’s an unusual oppor- 
tunity for you if you qualify. You’ll get 
in on the ground floor with this group just 
as it’s beginning to blossom. 

We think you'd like it here . . . and stay 
Good systems men stay at Honeywell. 
We have one of the lowest professional 
turnover rates in the industry — less than 
half the national average. There are good 
reasons for it: 

Start with growth . . . 

Honeywell’s Ordnance Division has grown 
fast — but steadily and carefully. We’ve 
doubled our size every 3 years since 1954. 
We’re not an awkward young giant, or a 
one-contract wonder. 

Our systems men will make major con- 
tributions to the continuation of this 
growth and they know it. What’s more, 
management has committed itself to con- 
crete support of this weapons systems 
group and its mission. The door is open 
to you, too, if you’re qualified. 

You’ll get merit pay and promotions 
Good men like to set their own pace, and 
Honeywell lets them. We pay and pro- 
mote to recognize individual performance 
and progress. 

Although we know it’s not a primary 
consideration, our fringe benefits are com- 
petitive, too. Honeywell pays full tuition 
and book costs for advanced degree work. 
We offer insurance. Retirement. Stock 
purchase plans, etc. 


You’ll have professional freedom 

That could mean a lot of things in dif- 
ferent companies. At Honeywell, it means 
you’re on your own. We hire a man to do 
a job, not to tell him how to do it. One of 
the strongest incentives you’d have is 
tough competition. It replaces the con- 
fining supervision you find in many 
companies. 

You’d work with men who recognize 
and respect good work. You’d operate in 
a climate of true scientific professionalism. 

Think you would like Honeywell? 

The jobs listed below are typical 
of our present openings. 







If you're qualified, write us. Mail a brief 
summary of your qualifications including 
salary requirements to: 

William W. Craven 
Honeywell Ordnance Division 
616 No. 2nd St. 

Hopkins (Minneapolis), Minnesota 
Or. call him collect in Minneapolis 
at WEst 5-5155 


Honeywell 

An equal opportunity employer 


'well locations, coas 
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CECO fuel pumps chosen again. Lockheed’s giant turbofan freighter, 
the C-141 StarLifter, will be powered by four P&WA 21,000-pound-thrust 
engines equipped with fuel pumps engineered and precision-produced 
by Chandler Evans. 

Our product on the C-141 joins a distinguished line of pumps in 
military and commercial application. Commercially certificated for 
three thousand hours between overhaul, CECO fuel pumps have compiled 
more than ten million service hours with Pratt & Whitney Aircraft 
and General Electric turbojet engines. 

CECO is pleased to be “known by the company its products keep” and 
by the records those products establish. 


CHANDLER EVANS CORPORATION • WEST HARTFORD 1, CONNECTICUT 

Aerospace Control Systems/Servos 




Westland to Build SRN-5; Gnome 
To Be Standard Hovercraft Engine 


London— Westland Aircraft, Ltd., 
Great Britain's only helicopter manu- 
facturer, last week said it would extend 
its Hovercraft family by building a 20- 
passenger SRN-5 model and standardize 
on the Bristol Siddeley Gnome turbine 
engine for the entire range. 

Decision to build the SRN-5 fol- 
lowed successful testing of long rubber- 
ized-fabric skirts to contain the air 
cushion, according to Sir Eric Mens- 
forth, Westland chairman. 

Deliveries of the newest model can 
be made by March, 1964, and West- 
land's Saunders-Roe Division is now 
tooling for a production batch at its 
Cowes plant. 

In other Hovercraft developments: 

• Ministry of Aviation has ordered a 
SRN-3 Hovercraft for a joint services 
trials unit at Lee-on-Solent. The SRN-3, 
the military version of the SRN-2 (AW 
July 9, p. 56), will be fitted with the 
long skirts. 

• Mark 2 version of the SRN-2, carry- 
ing up to 1 50 passengers, is now under 
construction at Cowes. Powerplants are 
four 885 shp. Gnomes. Hull has been 
stretched 10 ft. 6 in. for an over-all 
length of 77 ft. and beam of 30 ft. 6 in. 

• Design work on a 600-passengcr 
SRN-4, aimed primarily at English 
Channel traffic, is well advanced. Mens- 
forth claims that 10 of these vehicles 
would handle all traffic envisioned for 
a Channel tunnel by 1970. 

The SRN-2, which starts demonstra- 
tions on the St. Lawrence River Mav 2. 
will cost S929.000. Price of the Mark 2 
version is SI. 3 million and the SRN-5 
will cost $228,000. Mensforth said price 
of the cross-Channel ferry has not yet 


been determined by the manufacturer. 

Tooling capacity is based on a pro- 
duction line of 20 vehicles per year. 
Aside from the Ministry contract, no 
orders have yet been received, although 
Westland has signed a license agree- 
ment with Mitsubishi Shipbuilding & 
Engineering Co. of Tokyo. 

The SRN-5, now in an advanced 
stage of construction at Cowes, is pri- 
marily designed for rough-country oper- 
ations. Powerplant is a single Gnome 
and gross weight is 14,000 lb. Tire vehi- 
cle is 38 ft. long, with a 22 ft. 5 in. 
beam, and will cruise at 70 kt. It will 
be fitted with 4 ft. skirts. 

So far, Westland has invested about 
S6 million of company funds in Hover- 
craft development work, according to 
Mensforth. He said direct operating 
costs, based on the Society of British 
Aircraft Constructors formula, work out 
to about five cents a mile for the SRN-2, 
about four cents a mile for the Mark 2 
version, and five cents a mile for the 
SRN-5. 

AFOSR Awards 

Air Force Office of Scientific Re- 
search recently awarded grants and con- 
tracts for more than S3.5 million to 
universities and research firms in the 
United States and Europe. 


Grants: 



Now York — 549.9711 to Investigate variable 
interval repetitive prediction of stochastic 
University or Oklahoma Research Inntl- 
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How hostile is the moon? 


One day man may learn to harness the resources of the moon in order to fashion 
a self-sustaining environment. But when he first journeys there, he will 
have to do so in a simulated earth environment. Air, food, water, tempera- 
ture control— these and many other features of terrestrial life must be 
engineered into the mission. Problems such as this are part of Bellcomm's 
daily work for NASA. ♦ Highly qualified men can assist in planning and 
evaluating systems for this ambitious, far-reaching project. Fields of interest 
include physics, mathematics, engineering, chemistry, biology, psychology, 
flight mechanics, aerodynamics and aeronautical engineering in general. * 
It is not easy work, but it is rewarding for men capable of doing it. If you 
believe you are such a man, your resume would be welcomed by Mr. W. W. 
Braunwarth, Personnel Director, Bellcomm, Inc., Room 1115C, 1100 17th St., 
N. W., Washington 6, D. C. Bellcomm, newest company of the Bell System, 
is an equal opportunity employer. 



BELLCOMM, INC. 

A Bell Telephone System Company 






puts any data 
into IBM format 

Here's a complete A-*D, D->D computer 
tape preparation system in one unit. 

■ Converts, buffers and records analog 
or asynchronous digital data from 
transducers, converters, PCM telemetry 
decommutators, or other sources. Accepts 
time correlation signal and records it on 
the blocked output tape without losing 
real-time data. ■ Updates any system not 
containing a magnetic core buffer memory. 

■ Automatic tape advance to load point, 
parity and selfcheck features, etc. For details, 
write Keith Smith, mail station 220. 



EECO 751 

Computer Format Control Buffer 


ELECTRONIC ENGINEERING COMPANY oi California 

1601 East Chestnut Avenue, Santa Ana, California, Telephone (714) 547-5501 
Representative in West'n Europe: Electronic Engineerings.A.,C.P. - 

142 Fribourg, Switzerland. In Japan: Marubun Company, Ltd., S 

No. 1,2- Chome, Odenmacho, Nihonbashi, Chuo-Ku, Tokyo “ 


' structure and function of 

d — £20,000 to study biologic 
f high molecular weight poly- 


attitudes. 

Investigate 
unstllfened 
Training C 
AGARD-TCEA I 


. Israel — £10.194 t 
ag of stiffened and 


Contract: 

S 30 .(iii 0 to study electron density ionization 

Advanced Engineering 
Center Set for MIT 

New York— Center for Advanced 
Engineering Study will be established 
at Massachusetts Institute of Technol- 
ogy, Cambridge. Mass., under an initial 
grant of §5 million from the Alfred P. 
Sloan Foundation here. 

Purpose of the center is to provide 
advanced education for engineers and 
engineering professors in the new 
sciences that form the basis for much 
of contemporary engineering. 

Courses at the new center will range 
from one- and two-week studies in spe- 
cialized fields to one-year courses in 
much greater breadth and depth of 
subject matter. 

Basic need for the center stemmed 
from the explosive growth of technology 
in almost every field and the shortage 
of engineers and professors to work 
and teach in these new problem areas. 
Long-term solution for this need re- 
quires that the capacity of engineering 
graduate schools be doubled. It also 
demands that the engineer in manage- 
ment be as conversant with advanced 
technology as he is with management 
techniques. 

Courses paralleling this thinking 
have been offered in the past at MIT 
and other educational institutions, but 
at none of these institutions has there 
been a centralization of this effort 
into an on-campus, resident academic 
program. 

Funding by the grant is intended to 
cover construction of a new building 
on the MIT campus at Cambridge, 
Mass., and the first five years of center 
operations. 

Building cost is estimated at $2.7 
million. 
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MASTER CONTROL ROOM of new nitroplasticizcr plant monitors continuous production. 


Continuous Process in Polaris Propellant 

Sacramento— Continuous-process technique for producing high-energy liquid mix in the 
form of nitroplasticizcrs for the solid-propellant first stage of the Polaris A-3 has been devel- 
oped by Aerojet-General Corp. here. Company recently activated a S4.6-million facility to 
produce the liquid mix on a continuous basis. Nitroplasticizcrs are a mixture of bis (2,2- 
dinitropropyl) formal and bis (2,2-dinitropropyl) acetal. Aerojet says the mixture has a 
higher specific impulse which is, in part, responsible for the 2,500-naut. mi. range of the 
A-3, and the propellant has minimum shrinkage during room temperature curing, which 
results in less cracking and separation from the case. Cost is estimated to be about two- 
thirds that of the batch-mix process. 






CAPACITOR DEGRADATION RESULTING FROM ELECTROLYTE LOSS 
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new capacitor life 


Now, to the inherent advantages of foil 
tantalum capacitors, General Electric adds 
a true hermetic seal. It employs a special 
glass which is bonded to tantalum oxide 
by a recently perfected process. 

As shown above, this new seal increases 
the life of foil capacitors by virtually elim- 
inating electrolyte loss. Combined with the 
high-voltage, high-microfarad, and self- 
healing characteristics of foil capacitors, 
this added life makes G-E foil Tantalytic* 
units extremely well suited for use in mis- 
siles, satellites and other electronic sys- 
tems where high reliability is required. 
Outstanding advantage of the glass seal 
over a seal of organic material is that glass 
will not out-gas when exposed to vacuum 
or radiation. Glass is more stable to the 
chemical action of electrolyte, too. Both 
features reduce the possibility of contam- 
inating vapors entering surrounding equip- 
ments, and improve capacitor reliability. 


In developing the hermetic seal, Gen- 
eral Electric has had the support of North 
American Aviation’s Autonetics Division 
as a part of the program to develop High 
Reliability capacitors for the Air Force 
Minuteman. More recently, U.S. Army 
Electronics R&D Laboratory awarded G.E. 
a contract to support development of a 
hermetic seal for standard foil capacitors. 
Ratings of the new hermetically sealed ca- 
pacitors are 85 C and 125 C, 15 to 150 
volts, and 75 to 610 microfarads. They 
come in 3 case sizes, of polar and non- 
polar construction. 

Ask your General Electric Sales Engi- 
neer about the units now available from 
stock for prototype work. He'll be happy 
to assist you with application, too. For 
more information, write for Bulletin GEA- 
7614, to Section 430-16, General Electric 
Co., Schenectady, N. Y. Electronic Special- 
ty Capacitor Product Section, Irmo, S. C. 


Progress Is Our Most Important Product 


GENERAL 



ELECTRIC 



VENUS CALLING: MESSAGE 1 


Mariner II, this nation’s most sophisticated deep space probe, will give us 
our first close look at Venus. Yet, the signal from Mariner II will be only 
0.1 micromicrowatt when it reaches the big dish antenna at Goldstone, Calif. 
Tiny signals of this magnitude will be amplified by the new MEC maser 
which Jet Propulsion Laboratory will install on the antenna. This traveling 
wave maser designed for field operation operates in a closed cycle refrig- 
erator and provides 26 db gain in S band' at a temperature of 4.3" K. Opera- 
tionally designed and developed by our R & D department, the MEC maser 
is available on the open market with this combination of features. 

Other MEC masers offering up to 30 db gain over a 100 Me bandwidth 
and a 10 Me instantaneous bandwidth are available for L, C, and X band 
operation. 

If you have problems involving sophisticated microwave devices demand- 
ing capability in maser techniques, magnetic resonance, cryogenics, spe- 
cial purpose metal-ceramic traveling wave tubes, perhaps we can be 
of assistance. 



Microwave Electronics Corporation 

3165 PORTER DRIVE • STANFORD INDUSTRIAL PARK • PALO ALTO. CALIFORNIA • PHONE (415) 321-1770 


AVIONICS 


New Type Radar Probing Surface of Moon 


By Philip J. Klass 

Washington— First radar reflections 
from the lunar surface obtained at a 
frequency of 35.000 me., more than four 
times that of previous radar probes, 
suggest that the moon's surface is fairly 
rough with respect to the dimensions of 
the 8.6-mm. waves employed. 

Preliminary results of the first lunar 
contact with the new Lincoln Labora- 
tory high-resolution radar telescope, 
achieved in early April, were reported 
here at the 44th annual meeting of the 
American Geophysical Union by Ver- 
non L. Lvnn. Tile report was jointly 
authored ivith M. D. Sohigian and E. 
A. Crocker, also of Lincoln Laboratory. 

The new 8.6-mm. equipment, using 
a 28-ft.-dia. precision antenna, achieves 
a beam width of only 4.3 min. of arc, 
corresponding to an area roughly 250 
mi. across on the lunar surface. 

In addition to the advantage of being 
able to view a smaller area than pre- 
viously possible, the new radar telescope 
will provide data on the absorption and 
reflection characteristics of the lunar 
surface at a new wavelength, offering 
additional clues to its composition and 
roughness. 

New Lincoln Laboratory’ radar tele- 
scope operates at the same wavelength 
as the radiometer being used by Ewen- 
Knight Corp. to measure passive micro- 
wave radiation from the lunar surface. 
This offers the intriguing possibility of 
correlating data from the two experi- 
ments for complementary determina- 

In the Ewen-Knight experiments, mi- 
crowave radiation from the lunar sur- 
face is being measured as areas pass from 
being illuminated to the dark phase 
(called “phase-lag cooling”) to deter- 
mine how quickly the surface cools. 
This provides data on surface conduc- 
tivity and einissivity. an indication of 
its composition and granularity, which 
then can be correlated with data from 
the radar telescope. 

While Lynn emphasized that data 
obtained so far is very tentative, he said 
it showed no significant difference in 
reflected radar energy when the antenna 
was aimed at mountains and lunar 
maria. The diffuse scattering experi- 
enced at 8.6 mm. “appears to be some- 
what greater than that obtained at lower 
frequencies." he noted. This suggests 
that compared with the dimensions of 
the 8.6 mm. wave (roughly one-third 
inch long), the lunar surface is relatively 
rough. Previous measurements at 36 



mm. (roughly 11 in.), which yielded 
more energy reflected back to the an- 
tenna, suggest a smoother surface with 
respect to the dimensions of the wave. 

Data obtained in limited tests show 
that the moon’s effective radar cross- 
section at 8.6 mm. is about 3.5% of 
what it would be if it were a solid metal 
sphere. 

This compares with an effective cross- 
section of about 4% at 36 mm. wave- 
length, Lynn reported. 

The new Lincoln Laboratory radar 
telescope is relatively low-powered, with 
a peak output of 12 watts. It transmits 
a pulse of 1 5 seconds duration which is 
followed by a 1 5-second reception inter- 
val. But the effective transmitted pulse 
is only 21 sec. long since the echos 
from the first 121 sec. of the trans- 
mission returns from the moon while 
the transmitter is still operating. The 
system does not provide for any range 
resolution, a technique employed by 
earlier broad-beam radar telescopes to 
achieve improved area resolution. 

The receiver contains 10 parallel 
channels, each with an intermediate- 
frequency bandwidth of 170 cps. and 
spaced 100 cps. apart. To compensate 
for velocity of the moon relative to the 


earth, which introduces a Doppler shift 
in the returned signal, a continuous 
Doppler correction is provided so that 
the echo falls in the center channel. 
Because of spectrum smearing caused bv 
moon vibration, the deviation in fre- 
quency between the transmitter and the 
local oscillator must be held to three 
parts in one billion during the 24-scc. 
interval required for the signal to return 
from the moon. 

The Lincoln Laboratory radar tele- 
scope uses a conventional receiver with 
a noise figure of about 10.9 db. Because 
of this and the modest transmitter 
power level, video integration with a 

iesponding to the 2i-sec. “effective” 
transmitted pulse duration. 

The 2S-ft, antenna, built by the Ken- 
nedy Antenna Division of Electronic 
Specialty Co., carries an optical tele- 
scope that is accurately boresighted to 
the antenna's radiation axis to enable 
scientists to determine antenna aiming 
point on the lunar surface. The antenna 
dish was fabricated to required 35.000 
me. tolerances by the Spincasting pro- 
cess. It is the largest precision parabolic 
reflector ever fabricated in a single piece, 
according to the manufacturer. 
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HOW SCIENCE GREW SUCH LONG ARMS 

What’s it like out there— out in the far reaches of space? ■ Man is only 
beginning to gratify his insatiable curiosity about the worlds beyond 
this world. He’s looking. He’s listening. And he’s stretching out long 
arms with electronic fingers, to touch and measure: radar signals orig- 
inated on earth beam outwards, then reflect back to us from the moon, 
the planets and the sun bearing new knowledge of their shape, direc- 
tion, size and structure. ■ Before World War II— when radar first was 
conceived as a means of saving the lives of airmen and sailors— the 
effective range was a few hundred miles at best. Only a few years later, 
a man-made electromagnetic pulse touched the moon and returned. Man 
had made his first reach beyond the skies. ■ The power source for this 
and for all long-range radar is the modern electron power tube. Time 
after time, the power source bears the name Eimac, trade mark of 
Eitel-McCullough, Inc. ■ This California corporation has an enviable 
record of space-age communications achievements. An Eimac tube 
powered the first radar contact with the moon. Another powered the 
only radar in the world which could track the first man-launched satel- 
lite. An Eitel-McCullough klystron generated the signal for the first 
radar contact with Venus. Yet another developed the energy for the first 
radar pulse to touch the corona of the sun. ■ In the whole history of 
radar, the Eimac name has appeared on more radar tubes than that 
of any other electronic firm in the world. Eitel-McCullough alone, in 
1938, could produce a tube which could power the U.S. Navy’s first 
working seaborne radar. During the war which followed, Eimac radar 
tubes poured out by the hundreds of thousands. They flew in airborne 
radars to Guadalcanal, Essen and Normandy. They went ashore with 
the Army and the Marines, spotting mortars at Kwajalein and Iwo 
Jima.* For navigation, detection, ranging and fire-control they pow- 
ered our radars wherever our forces went. ■ Today the Eimac name 
is on almost every klystron power tube in the defense communications 
network which connects our northern radar curtain with the U.S., 
Canada, Europe, the Middle East, the Pacific and Southeast Asia. ■ 
In its laboratories, Eitel-McCullough now has a million-dollar test 
instrument which will produce ten amperes of direct current at more 
than three hundred thousand volts, enough to power radar tubes ten 
times as -powerful as today’s biggest. As sophistication of the art 
proceeds, requirement arises for coherence, pulse shaping, controlled 
phase and frequency agility. These call, in turn, for developments now 
in progress at Eitel-McCullough: electron power tubes capable of ever 
higher powers, at ever higher frequencies, over ever wider bandwidths. 
■ Upon the foundation of the world’s largest and longest experience 
with radar tubes, Eitel-McCullough is far advanced today toward 
solution of the radar tube problems of tomorrow. 





► Laser Gyro Advance Reported— Sperry 
has improved the sensitivity of its laser 
gyro to where it can now measure rota- 
tions as slow as 1.2 deg. per minute, 
nearly half the minimum rate achieved 
three months ago (AW Feb. 11, p. 93). 
Company also has isolated three major 
problem areas which tend to limit laser 
gyro sensitivity and currently is working 
on techniques for overcoming them. Dr. 
George R. White told the National 
Academy of Sciences. These should 
enable such devices to provide drift 
rates better than 0.1 deg./hr., but 
White expressed doubts whether the 
laser gyro could hope to match the 
0.001 deg./hr. drift rate of floated gyros 
used in inertial systems. Current laser 
gyro problems include interaction be- 
tween two contra-rotating laser beams, 
sensitivity to external vibration and 
multiple-inode noise due to transverse 
radiation modes within the laser. White 
said that Sperry plans to polarize the 
laser beams and use Faraday rotators 
to prevent the interaction between the 


► BTL Extends Laser Spectrum— Laser 
emission at 34.5 microns, approximately 
6.5 microns further into the far-infrared 
region than previously reported, has 
been achieved by Bell Telephone Lab- 
oratories using a noble-gas neon device. 
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HOSE ASSEMBLIES 
for GROUND SUPPORT SYSTEMS... 

OPERATE UP TO 8,500 PSI! 



Stratoflex 134, 135 and 136 Hose Assemblies feature a high density Polyethylene 
innertube for transferring air, nitrogen, oxygen, helium and other inert gases in 
either the liquid or gaseous stage. 

At launching pads in the field, these new ground support hose assemblies are 
living up to their reputation for reliable high pressure pneumatic servicing. In 
operating temperatures of —65° F to +160° F, hoses for these new Stratoflex Hose 
Assemblies have the following specifications: 
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Copycats! 


(they all rely on Sonotone batteries) 


When millions of dollars depend on batteries, decisions must be 
made with exacting care. That's why design engineers in most 
U.S. missile, rocket and satellite development programs depend 
on Sonotone rechargeable sintered-plate, nickel-cadmium cells 
and batteries to do the jobs where reliability counts most. 

And that's why Sonotone batteries have been used in the Titan, 
Redstone, Thor, Corporal, Polaris, Tartar, Hawk, Hound Dog, Talos, 
Nike, Quail, and Terrier — as well as in many others, including 
the Snark, Sparrow and Skybolt. 


Sonotone pioneered in the development of high-surge/ low- 
weight rechargeable batteries. No company has a better record 
for reliability ... or a better reputation for working with design 
engineers to solve portable power problems. So whether you’re 
designing rockets or razors, why not let Sonotone put its un- 
matched experience to work for you? Write today for technical 

tion requirements, and Sonotone Batteries 

we'll get to work right away, portable power for progress 


Battery Division, Dept.B52-531, Sonotone Corporation, Elmsford, New York 
Aircraft Batteries • Missile Batteries • Satellite Batteries • Power Supplies • Battery Chargers • Audio Products • Hearing Aids 


BTL’s Dr. C. G. B. Garrett revealed 
during the recent meeting of the Na- 
tional Academy of Sciences. Gas lasers 
now cover roughly half the spectrum 
between the visible light and millimeter 
microwave region where conventional 
sources arc available, Garrett said. Dr. 
Robert Hall, General Electric Research 
Laboratory, predicted that emission 
from direct injection gallium-arsenide 
lasers would be expanded from present 
0.84 micron (near infrared) to 10 mi- 
crons and possibly beyond using other 
types of direct-transition semiconductor 
materials. But he was less optimistic 
about the possibility of obtaining 
shorter wavelength radiation. 

► High Power Laser Prediction— Dr. 
Charles H. Townes, co-discoverer of the 
laser, predicted that “we can look for- 
ward to traveling-wave type ruby lasers 
with peak power levels of a million 
megawatts with pulse durations of 
about 0.01 nanoseconds (billionths of a 
second).” If lasers capable of generat- 
ing kilowatt power levels on a continu- 
ous basis can be developed, it may be 
feasible to use such devices to transmit 
electric power to satellites, he said. 

► Gallium Cell Damage Explained— 
Sharp drop-off in short-circuit current of 
an unshielded gallium-arsenide solar cell 
carried by Relay communication satel- 
lite does not mean that the new mate- 
rial is not living up to its predicted 
radiation resistance, according to its sup- 
porters. After 100 days in orbit which 
took the satellite through the most 
intense electron and proton belt pro- 
duced by the July 9 Starfish nuclear 
test, the completely unshielded gallium- 
arsenide cell’s short-circuit current had 
dropped to 13% of its original value 
while unshielded silicon cells were de- 
graded only to about 24% of original 
value. Proponents of gallium-arsenide 
cells point out that radiation damage 
has more adverse effect on gallium- 
arsenide’s short-circuit current than on 
that of silicon cells, but that reverse is 
true for their open-circuit voltages. A 
more realistic appraisal of relative radia- 
tion resistance requires that cells be 
loaded for maximum power and that all 
cells be provided with suitable protec- 
tive shields, proponents say. 

► Sylvania Developing Miniature Res- 
cue Beacon— Progress report on the de- 
velopment of a miniature two-way res- 
cue radio set and beacon was presented 
recently at the Navy’s Microcircuitry 
Conference in Washington. Sylvania is 
developing the AN/PRCXN-1 rescue 
set (AW July 9, p. 46) under a $190,- 
000 contract from the Bureau of Weap- 
ons. Using thin-film microcircuits, it fits 
into pocket of pilot’s flight suit and 
automatically sends a signal on a distress 
band when parachute opens. 



3 EXCEPTIONAL DEXTERITY m ,he 

precision fabrication of highly complex 
metal products forthe aerospace industry 

Beijsoit. offers you virtually unique capabili- 
ties ifr many areas of metal design and fabri- 
cation. Unusual techniques, close tolerances, 
difficult assemblies and many complex con- 
figurations have become routine a 
at Benson. Let us help you take ® 
full advantage of the present 
advanced state of the art. Send 
at once for brochure, “Bei 
Capabilities.” 


BENSON 


E "BENSON 
I CAPABILITIES" 
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COMMUNICATING 
THE EARTH'S PULSE 

The high-acuity advantages of aerial panoramic photography have 
been brought down to earth to create a major technological advance 
in the handling of seismic information. 

The Itek Panoramic Microfilm Reproduction System, developed for 
the Seismology Branch of the U. S. Coast and Geodetic Survey, is 
based on Itek’s experience in aerial photography and finite conjugate 
panoramic lenses. 

Now in operation at the Survey's Washington headquarters, the 
system has opened new channels of international scientific com- 
munication. Scientists and students around the world can now 
request and swiftly receive, from a centralized library, high-quality 
70 and 35 mm film copies as well as full-sized reproductions of all 
seismic records on any recorded event. For the first time, this 
new concept in data reproduction makes possible a free exchange 
of low-cost seismological data, enabling world wide study of the com- 
plete recorded history of earth disturbances. 

Itek’s unique experience in photography, electronics, optics, and 
information sciences provides a wide range of skills which are 
applicable to problem areas in sophisticated ground handling sys- 
tems for graphic information. 


Itek Corporation 

10 MAGUIRE ROAD, LEXINGTON 73, MASSACHUSETTS 



NEW AVIONIC 
PRODUCTS 


• Tweezer welder with fingertip control, 
for use with any spot welding machine 
suitable for bonding electronic compo- 
nents, permits setting of tweezer pres- 



sure at which discharge occurs to elimi- 
nate need for foot switch and ensure 
two parts are under sufficient pressure 
before welding. Manufacturer: Lincoln 
Instrument Co., 2414 So. Broadway, 
Santa Ana. Calif. 

• Push-button rotary switch, 12-posi- 
tion, Series 2114, combines circuit 
switching features of conventional ro- 
tary switch with push-button operation. 
Window on mounting bracket provides 
digital indication of switch position. 



Device is totally enclosed and exceeds 
requirements of MIL-S-6S07A and 
MIL-S-3786A, according to manufac- 
turer. Contacts can handle up to 5 
amp. at 115 v.a.c. and 3 amp. at 28 
v.d.c. resistive or 2 amp. inductive. 
Manufacturer: Janco Corp., 3111 Wino- 
na Ave., Burbank, Calif. 

• Gas-filled laser tube. Model LT-40, 
contains mixture of 0.9 mm. of helium 
and 0.09 mm. of neon which will ra- 
diate at 6,328 or 11,530 Angstroms 
with suitable mirrors and radio-fre- 
quency excitation. Tubes arc made of 
quartz and are supplied with quartz 
windows at the Brewster angle. Inside 
diameter is 1 in. and length is 40 in. 
Manufacturer: Litton Industries, Elec- 
tron Tube Div., San Carlos, Calif. 



YOU'LL ALWAYS GET THE SAME ANSWER ON SPACE PROBLEMS: 
“IT PAYS TO CALL MRC” 


When all factors are considered, you save many ways when 
you rent or lease MRC mobile units for that added space you 
need : No down payment— no cash outlay and your rent pay- 
ments are tax deductible. 

Offices, drafting rooms, repair depots... you name it— and it's 
yours right now! From a single building to a city block of 
floor space ... furnished or unfurnished. 

Rent it for only as long as you need it. When you’re finished 
with it, just say, “Take it away.” Our service policy covers all 
maintenance, too. Over 1000 customers from coast to coast 
and Canada. 



AIRPLANE DESIGN MADE SIMPLE 
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MANAGEMENT 



Value Engineers’ Proper Role Discussed 


By Donald E. Fink 

New York— Value engineers were told 
they have a role in the Defense Dept.’s 
current cost-reduction program at their 
recent Society of American Value Engi- 
neers convention here, but they also 
heard a frank warning against over- 
magnifying the importance of their pro- 
grams. 

George E. Fouch, deputy assistant 
secretary of defense, told the group that 
the military services will sponsor and 
support value engineering programs, 
because they cannot acquire the hard- 
ware they need unless they make their 
dollars go farther. 

Barry J. Shillito, president of the 
Logistics Management Institute, ac- 
knowledged this need for value engineer- 
ing, but pointed out that value engi- 
neering programs will contribute only 
if they are well defined, logically devel- 
oped and properly applied. His speech 
served to counterbalance Fouch’s by ad- 
mitting that value engineering programs 
are important, but that they have their 
potential problem areas. 

Fouch said value engineering cost- 
reduction goals have been established 
by DOD as part of the cost-reduction 
program. 

"These goals are $64 million for 
Fiscal 1963 and SI 00 million for Fiscal 
1964 and 1965," he said. "The services 
and defense agencies arc distributing 
these goals to lower echelons.” 

Fouch added that contractors will be 
motivated to adopt value engineering 
because it invites them to challenge gov- 
ernment requirements, which industry 
often has considered unrealistic, and to 
profit by doing so. 

He described value engineering as a 
technological movement which recog- 
nizes the need for reducing costs and 
eliminating wastes and which uses svs- 
tematic technical disciplines to achieve 
these goals. 

The objectives will be realized by 
rigorous analysis of design, production 
methods, testing procedures and related 
activities, to separate useful require- 
ments and practices from the useless, he 
said. Value engineering is a manage- 
ment technique that has economic 
meaning and should not be treated as 
a technical exercise irrelevant to primary 
management objectives, Fouch noted. 

He added that DOD is implementing 
a three-phase program to encourage 
value engineering programs in industry': 
• Formulation of incentives to encour- 
age accelerated use of value engineering. 


Upper section of the first Little Joe 2 bunch vehicle is lowered into position on the after- 
body at General Dynamics/Convair San Diego plant. White chamber atop the afterbody 
is a mockup of the Algol solid fuel motor. First vehicle qualification flight is scheduled for 
summer at White Sands, N. M. (AW Jan. 7, p. 69). 


• Development of concepts and tech- 
niques that industry can use to improve 
value engineering as a management and 
procedural tool. 

• Institution of a program to keep in- 
dustry informed or the latest value en- 
gineering objectives and methods. 

The progress of value engineering, 
like many other disciplines, is depend- 
ent on its effective implementation, 
Fouch said. A determined effort is 
needed now to strip down DOD pro- 
curement requirements to the essentials 
and to reward authentic performance. 
Value engineering is one means to that 
end, he added. 


Shillito, whose company has prepared 
a value engineering handbook which 
DOD will use in its cost-reduction pro- 
gram, said sample studies made during 
its preparation pointed up potential 
problem areas in value engineering pro- 
grams. 

He said value engineers should guard 
against overstating their capabilities or 
burdening their programs by trying to 
assume tasks from other, unrelated func- 

Shillito made these specific points: 
• Value engineering is not a science, 
nor is it a separate technology. Value 
engineers must have a sound technical 


First Little Joe 2 Booster Vehicle 
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Contracting Changes 

New York— Thomas D. Morris, assist- 
ant secretary of defense, told the recent 
Society of American Value Engineers 
convention here that Defense Dept, cost- 
plus-fixed-fcc contracts will be reduced 
to about 12J% of the total contract 
awards by Fiscal 1965, with an eventual 
annual savings of nearly S700 million. 

"It has long been recognized that 
cost-plus-fixcd-fce contracts usually pro- 
vide no incentive for economv. or supe- 
rior performance," Morris said. “Ncvcr- 

sharc of our procurement has been car- 
ried out under CPFF contracts, rising 
from about 13% in 1952 to nearly 38« 
during the first nine months of 1961." 

Morris said that in the first eight 
months of the current fiscal vear. cost- 
plus-fixcd-fce contracts have been re- 
duced to about 23.3% of the total. 

Morris said the most important method 
of inducing defense contractors to per- 
form economically and efficiently is to 
use incentive contracts under which tin- 
contractor's fee is increased if he betters 
the target price and performance goals 
or is reduced if he fails to meet them. 


background, but do not necessarily need 
to be technical specialists. 

• Managers of value engineering pro- 
grams do not necessarily have to report 
directly to top management levels. If a 
value engineering program is function- 
ing properly, it will have an impact on 
a company’s financial status and will 
gravitate naturally to its proper place in 
the management structure. Position of 
the program in the management chain 
will depend upon its contribution to 
the company. 

• Value engineering programs must 
concentrate on functional cost reduc- 
tions of hardware and should not at- 
tempt to embrace all types of cost effec- 
tiveness or work study programs. Ef- 

gram costs, for example, should be left 
to the sections directly involved. 

• Value engineers have not applied 
their efforts selectively or analytically 
in the past. Sample studies revealed 
that most value engineering projects 
were selected haphazardly. To ensure 
success of value engineering, a system- 
atic method of applying its resources 
must be followed. 

Shillito said U. S. survival depends 
upon its ability to wage all types of war. 
ranging from brush-fire actions to an all- 
out thermonuclear engagement, and 
the cost of preparing for all these con- 
tingencies is staggering. 

"Value engineering tools are available 
and the opportunity to properly apply 
value engineering techniques was never 
better than it is now," he said. "What 
is needed now is engineers to properly 
apply them.” 


FOR JET ENGINES AND INSTRUMENT CONTROLS 



If cutting costs by reducing sue/weight is important to 
you, write or call Kollsman soon. (Why not right now?) 

kollsman motor corporation,,.,,,.,, 

(215) 249-3561 • Subsidiary ol Standard Kollsman Industries, Inc. 
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FINANCIAL BRIEFS 



Marines to Evaluate Ryan Flex-Bee Drone 

Ryan Flex-Bee reconnaissance drone and spares, two ground launch systems and radio 
mand equipment, will be evaluated by Marine Corps during a six-month flight test pr< 
Aircraft is powered by a 94-lip. McCullough MC-30 engine and cruises at about 115 
Operating range is several miles and altitude capability is estimated at 5.000 ft. Radii 


Dynamics Corp. of America reports 
1962 sales of S75 million with a net 
income of $5.6 million equal to SI. 05 
per share. Sales during 1961 totaled 
549.2 million with a $2 million net 
income equal to 58 cents per share. 

Texas Instruments net sales billed for 
first quarter of 1963, ended Mar. 31, 
totaled 559.797,000 with profits after 
taxes being $2,455,000 and earnings 
reported at 61 cents per share of com- 
mon after payment of preferred divi- 
dends. This compares with sales of 
557,483,000, and profits of 52,411,000 
and earnings per share of common stock 
of 60 cents in the same quarter last 
year. Total backlog at the end of the 
quarter was approximately 5118 mil- 
lion, of which 557 million was directly 
from government contracts. 

Rohr Corp.’s six-month sales for the 
period ended Jan. 31 totaled 552.6 mil- 
lion with earnings of nearly 51.5 million 
or 75 cents per share. Comparable 
period ended last year showed sales of 

579.6 million with earnings of nearly 

52.6 million equal to $1.29 per share. 

Thompson Ramo Wooldridge, Inc., 
reports 1962 earnings of 512.5 million 
-53.25 per share-on sales of 5460.3 


million. Comparable 1961 figures were 
56.5 million earned— SI. 71 per share- 
on sales of 5409.1 million. 

Ryan Aeronautical Co. had net earn- 
ings of S787.420 on sales of 519 million 


for the first quarter Fiscal 1963 ended 
Jan. 31. Figures for the comparable 
1962 period showed earnings of 5739,- 
670 on sales of 518.8 million. 

Chicago Aerial Industries, Inc., manu- 


PROBLEMATICAL RECREATIONS 169 



A farmer used 1 39 yards of fencing to enclose a rectangular field 
and to construct a fence along one of the diagonals of length 41 
yards. He then found that a neighbor had fenced a one-third 
larger rectangular area in the same manner with less fencing. If 
all dimensions are integral yards, what are the dimensions of the 
neighbor's field? —Contributed 

International News Department: Litton Industries offers NATO 
countries the people, facilities, and know-how to assume complete 
management responsibility for large, complex, advanced elec- 
tronic systems. Litton has production, test, and repair facilities in 
Rome, Hamburg, London and Freiburg. If you’d like to know 
more, write: Litton World Trade Corporation, Schwamendingen- 
strasse 5, Zurich 11, Switzerland. 


answer to last week’s problem : Align the hour hand with the 
sun's azimuth, and south will be midway between the hour hand 
and 12. 
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□ LITTON INDUSTRIES, INC. 

Beverly Hills, California 
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Worthy of the Navy’s traditional signal of accomplishment, the inertial guidance system 
for the Polaris missile is doing its job in Polaris flight testing at Cape Canaveral. This 
high-accuracy guidance capsule, designed by the Instrumentation Laboratory of M.I.T. 
with industrial support furnished by General Electric and Raytheon, is an outstanding 
example of Navy/Industry teamwork. 

Moreover, high reliability has been maintained concurrent with technological improve- 
ment; the Mk 2 version of the guidance package is far lighter and more compact, yet is 
even more accurate than the Mk 1. With both versions of the guidance system now in 
production, General Electric has gained inertial guidance experience unmatched anywhere 
in the Free World. 

Despite a three-year acceleration in the overall Polaris program, deliveries of the inertial 
guidance systems have met every scheduled flight test, every submarine deployment date. 
And, with both Mk 1 and Mk 2, each guidance package is being produced at a fraction of 
its original cost: an example of extra effort from General Electric’s Accent on Value. 

AEROSPACE AND DEFENSE GROUP GENERAL ELECTRIC 





CLEAN SWEEP 


PERSONNEL 

DOSIMETRY 


Where’s the state of the art? 


Take a look at just one recent 
development ... a reliable, low- 
level thermoluminescent dosim- 
eter, which is near completion 
by EG&G under sponsorship of 
the U.S. Navy Bureau of Ships. 
Utilizing the thermoluminescent 
properties of manganese-activated 
calcium fluoride, the TLD re- 
liably monitors the range from 
5mR to 10,000R. It is reusable and 
irradiated dosimeters can be 
stored up to two months without 
significant loss of dose data. 



Used with its EG&G-designed 
Computer Indicator, the Navy's 
TLD will provide on-the-job, 
digital readout of exposure and 50 
million different identification 
code numbers. When used with an 
automatic printer, it will generate 
the immediate, permanent docu- 
mentation necessary for an effec- 
tive radiation safety program. 

This achievement demonstrates 
only one aspect of EG&G’s state- 
of-the-art research and develop- 
ment capability in the field of 
applied radiation. The company’s 
scientific and engineering staffs 


currently provide a wide range of 
radiation services for both govern- 
ment and industry. In addition to 
overall systems planning, they 
afford such specialized techniques 
as reactor calibration, flux map- 
ping, chemical and glass dosimetry 
for gamma radiation experiments 
and neutron-spectrum and dose 
measurement with gold, sulfur, 
and fission foil sensors. 

EG&G's facilities include 
shielded radiation source ranges, 
radiochemical and radiation chem- 
istry laboratories, X-ray and Van 
de Graaff accelerator machines, 

optics, physics and solid state 
research. These facilities are being 
augmented by the installation of a 
4-20 Mev linear accelerator. 


If more information on this and 
other EG&G capabilities is of inter- 
est to you, write us. Of specific 
interest to us at this time are 
resumes of scientists with back- 
grounds in physics, mathematics, 
or physical chemistry to the PhD 
level, who are interested in applied 
research in the phenomenology of 

velopment of associated nuclear 
instrumentation. Write to Elton 
Harris, Dept. AV-53, EG&G, Santa 
Barbara, Box 98, Goleta, California. 

EG&G is an equal opportunity em- 
ployer with unequalled opportunities 
in our fields. 


EDGERTON, GERMESHAUSEN & GRIER, INC. 

BOSTON • LAS VEGAS • SANTA BARBARA 


facturers of aerial reconnaissance camera 
systems, had a net loss of 5131,094 on 
sales of $10 million for 1962. Com- 
parable 1961 figures showed a net loss 
of 5310,697 on sales of S9.7 million. 
Company says 1962 loss was due to 
first quarter deficit from heavy product 
engineering costs and contract loss 
write-offs. Order backlog on Dec. 31 
was S8.2 million. 

General Precision Equipment Corp., 
Tarrytown, N.Y., preliminary report 
shows 1962 sales of $222.9 million with 
a net income of $4.4 million equal to 
52.40 per share. Sales in 1961 totaled 
5234.6 million with a net income of 
$3.3 million equal to 53.10 per share. 
Fourth quarter 1962 sales were $59.8 
million with earnings of $1.4 million- 
77 cents per share. Same period 1961 
sales were $63.4 million with earnings 
of $1.7 million, which was equal to 98 
cents per share. 

NASA Biotechnology 
Unit Meets at Aines 

Washington— First meeting of Na- 
tional Aeronautics and Space Adminis- 
tration's newly-formed advisory com- 
mittee on biotechnology and human 
research will be held this month at the 
Ames Research Center. Moffett Field, 
Calif. 

Members of the committee are: 
chainnan. Dr. Charles 1. Barron, pres- 
ident of the Aerospace Medical Assn., 
and medical director of Lockheed 
Calif. Co.: Dr. Robert C. Armstrong, 
manager of General Dynamics/Astro- 
nautics’ life sciences section; Dr. Mans 
G. Clamann. chief of space medicine, 
USAF School of Aerospace Medicine, 
Brooks AFB, Tex.; Ben Ettclson. pres- 
ident of Spacelabs, Inc.; Dr. William 
M. Helvev. assistant manager of Rc- 

^om'VcJaVd °M. C McDonnel! associate 
professor of radiology. UCLA; Dr. Ross 
A. McFarland, director of the Guggen- 
heim Center for Aerospace Health and 
Safety Center. Harvard University; 
Dr. John L. Mason, chief engineer, 
AiRcsearch Manufacturing Co.; Dr. 
Flora Deo Miraldi. assistant professor 
of nuclear engineering. Case Institute 
of Technology, and Dr. Rollin M. 
Patton, of Ames Research Center's bio- 
technology division. 

The new committee is one of eleven 
which advise the NASA Office of 
Advanced Research and Technology. 
The new group is to meet four times 
a year to study and make recommenda- 
tions on NASA's activities in the field 
of human research, advanced life 
support systems, man-machine integra- 
tion and related experimental research 
and investigation. 



3 . . . 300 ... OR 3,000 MILES OUT . . . 


Opening the “eyes” of a vehicle — the navigational ports — 
is no mean feat in space. An actuation system must be de- 
vised to sequentially unlatch, open, close and latch doors 
in the vehicle’s skin. The Teleflex answer to this challenge 
is a unique electro-mechanical system that will operate in 
either intense cold or the sun’s direct heat. This, without 
benefit of a heat shield or protection of atmospheric pres- 
sure (think of the phenomenon of “outgassing” which can 
cause cold weldment of adjacent metals). It’s another 
example of Teleflex problem-solving capabilities which 
extend over a broad spectrum of control and feedback sys- 
tems, including unusual accomplishments under hostile 
environmental conditions. Put these capabilities to work for 
you. Teleflex Incorporated, North Wales, Pa. 
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A frank message to a career-minded engineer: 


Ever said to yourself: “The day when 
a man could get in on the ground 
floor with an aerospace company 
and grow with it, is almost gone...” 
And you’d be right... almost ...but not 
quite. Because one such opportunity 
actually does exist. 

LOCKHEED PROPULSION 
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Here at LPC there is plenty 
j of elbow room in which an 
ambitious engineer or scientist 
a flex his mental muscles. 
To move up— not sideways. To achieve posi- 
tions of higher responsibilities and more 
authoritative, more rewarding assignments. 

LPC is a young company in a still-young 
industry backed by the enthusiastic support 
of the entire Lockheed Corporation. And the 
| work is vital. Man always has 
been power-poor. Now more 
«... -V' 1 '} than ever, as he reaches for the 
stars, he must climb by propul- 
sion power. As a member of the LPC team, you 
enter the heart of such advanced programs as : 
large solid propellant rocket motors, hybrid 
propulsion systems, ultra-high performance 
upper stages for space application, thrust 


vector control and solid propellant research. 
The Company’s location in Southern California 
provides an ideal growth envi- 
ronment. LPC is located in a 
rapidly developing aerospace 
center, only minutes away from 
two famous universities; and halfway between 
Los Angeles and world-famed mountain and 
desert recreation areas. 

scientists and ENGINEERS! Investigate open- 
ings in Visco-elasticity; Design Engineering; 
Proposal Engineering; Project Engineering; 
Propellant Development; Chemical Engineer- 
ing; Thermodynamics; Aerodynamics; Stress 
and Stress Analysis; Reliability Engineering. 

Write: Professional Employment Office, 
Dept. 5005, P O. Box 111, Redlands, California. 
An equal opportunity employer. 



COMPANY 


REDLANDS, CALIFORNIA 

A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 



BUSINESS FLYING 



Piper Speeds Twin Comanche Production 


By David A. Brown 

Lock Haven, Pa.— First deliveries of 
Piper Aircraft Corp.'s new four-place 
Twin Comanche will be made this 
month and production is expected to 
stabilize at two a day in June. 

Twin Comanche, designated PA-30 
by the company, was developed from 
Piper's single-engine PA-24 Comanche 
and received its Federal Aviation 
Agency type certificate in February. 

Basic Twin Comanche, minus radio 
and most instruments, will sell for $33,- 
900. Piper has devised 1 3 different elec- 
tronics, instrument and interior pack- 
ages. The minimum package combina- 


tion available will cost $3,990, raising 
the aircraft price to $37,890. Maximum 
amount available will cost $11,345, rais- 
ing the aircraft price to $45,245. 

Lowest-priced instrument and radio- 
equipped version, the Custom 90, has 
standard instruments, some of them re- 
conditioned surplus units, plus a Motor- 
ola ADF T-12-B and a Narco Mark 12 
90-channel VHF transceiver. A separate 
100-channel receiver is connected with 
a VOA-4 VOR/ILS wired for glide 
slope receiver addition. 

The highest-priced package— the Pro- 
fessional 422— has two Narco Mark 12 
360-channel transceivers plus two 100- 
channel navigation receivers, a Narco 


VOA-4 and a Narco VOA-5 VOR/ILS 
with ILS cross-pointer; a Motorola ADF 
T-12-B; a Narco MBT 75-mc. marker 
beacon receiver with three light-indica- 
tors; a Narco UGR-1A glide slope re- 
ceiver; a Narco DME and a Piper Alti- 
Matic 2 three-axis autopilot. 

Piper expects the Twin Comanche to 
create a niche for itself in the company’s 
marketing setup, capturing owners who 
have been flying aircraft in the Bonanza- 
Cessna 210-Comanche 250 category. 

f. W. Miller, Piper sales manager, 
said that while he expects 475-500 Twin 
Comanches to be sold during the first 
year or so it is on the market, he does 
not expect a decline in sales of com- 
parably priced single-engine aircraft. 

He said that this had been the history 
of new aircraft on the business flying 
market in recent years— instead of cap- 
turing some of the market which had 
previously gone to earlier aircraft, they 
tend to create a new market and leave 
earlier ones relatively undisturbed. 

At the two-per-day production rate, 
it will probably be about eight months 
before the initial demand for the air- 
craft is satisfied, but Miller said that a 
preliminary survey indicated that over 
a long period of time this would be the 
rate of production which could be justi- 
fied by sales. 

Aircraft is powered by two Lycom- 
ing IO-320-B fuel-injection engines, 
mounted in slimmed nacelles and with 
the air induction and fuel injection 
packages located at the rear of the en- 
gine. Engines are rated at 160 hp. each 
at 2,700 rpm. 

Top speed claimed by Piper for the 
Twin Comanche is 205 mph. and op- 
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timurn cruise speed is 194 mph. at 75% 
power and 8,000 ft. Cruise speed at 
65% power and 12,000 ft. is 186 mph. 

Gross weight of the Twin Comanche 
is 3,600 lb. and useful load of the 
standard model is 1,440 lb. Maximum 
cruise range at 65% power and 12,000 
ft. is 1,025 mi. The Twin Comanche 
has a fuel capacity of 90 gal. of which 84 
gal. is usable. Four fuel cells, two in 
each wing, are provided with NACA 

Fuel selector system is located on the 
cabin floor between the front seats and 
provides a cross-feed arrangement so 
that either engine may be operated from 
any of the four fuel cells. 

Glass fiber is used extensively in the 
Twin Comanche. Fuselage nose section 
is made of glass fiber and contains a 
single air intake hole which feeds air to 
a plenum chamber from where it is 
used for cabin heating and cooling, and 
avionics cooling. 

Distinctive glass fiber air intake sec- 
tions of the engine nacelles are made 
possible by extension of the propeller 
hub 6 in. Extended hubs arc integral 
with the normal propeller hub. 

Propellers are 72-in. lightweight Hart- 
zell models which arc constant speed 
and have full-feathering capability. 

New design vertical fin and rudder 
has been used to improve rudder effec- 
tiveness for engine-out operation. Move- 
ment of the engines from the nose to 
the wing has allowed the nose wheel 
retraction well to be moved forward 9 
in., reducing the hump in the cabin 
floor found in single-engine Comanches 
and providing more leg room. 

New fin is 6 in. taller than the fin 
on single-engine Comanches and has 
1.4 additional square ft. of area. 

Horizontal tail is the same design 
platform as on the single-engine Com- 
anche, but was beefed up to accommo- 
date the higher speeds and gross weight. 
It is an all-movable stabilator dcsi»n. 
Stabilator tab operating mechanism also 
was strengthened. Glass fiber tail cone 
ends the fuselage. 

Major changes in the structure of 
the Comanche consist chiefly of a 
beef-up of both the wing and fuselage 
to take the extra loads imposed bv two 
engines and the re-distributed weight. 
Nose gear mounting has been designed 
to fit the mounting points of the engine 
mount in single-engine aircraft. 

Fuselage was reinforced with thicker 
gage aluminum skin from the nose back 
to approximately the trailing edge of 
the wing, bulkheads were strengthened 
and reinforced and hat-section stringers 
were placed vertically to strengthen the 
skin. Some longitudinal stringers were 
lengthened to overlap bulkheads they 
formerly fit flush against. Rivets were 
increased in size and number. 

Increase in height of the vertical tail 
and increased area of the tail added to 








MAKES “INSTRUMENTATION CABLE” DIFFERENT? 


It is no more like power or control cable 
than a Ferrari is like the old family 
sedan. Not knowing this can cause you 
a lot of grief: project delays, costly re- 


THE THIN BLACK LINE On your schemat- 
ics, instrumentation cable is a black line 
from launching pad to blockhouse or 
from one part of a computor to another. 
In the broadest sense, it connects data 
or signal sources with display or record- 
ing or control devices. Its function is to 
carry those signals unfailingly and with 
the required reliability, in this day and 
age, it's no easy job. 

WHAT CAN GO WRONG The improperly de- 
signed cable can simply fail. This has 
happened and at important sites. An 
untried saturant, lacquer or compound 
ingredient used in the cable may destroy 
the electrical integrity of this primary 
insulation. This sort of deterioration 
need not be sudden; only experts know 
which impregnants will migrate in a 

Or a relative lack of art in manufac- 
ture may create problems for the future. 

ductor placement, or conductor unbal- 
ance in the cable lay-up may cause 
spurious or ambiguous signals to arrive 
at the display, recording or control 
panel. Your sharp, precise pulses be- 
come displaced in time, are a little too 
fuzzy, or are joined by other unwanted 
signals from another line. 

DESIGN IS HALF THE STORY Configuration 
of conductors within the cable is im- 
portant, for physical as well as for 
electrical reasons. For example, posi- 
tioning of coaxial components within 
the cable is critical in order to assure 
maintenance of minimum standards of 
concentricity between the inner and 
outer conductors when the cables may 
be subjected to bending operations dur- 
ing installation work. 

Selection of insulating, filler and 



MANUFACTURE IS THE OTHER HALF Even a 
properly designed cable may well be- 
come unacceptable sooner or later if it is 
not manufactured to new standards of 
precision. This requires stranding ma- 
chines that reduce circular eccentricity 
to remarkably low figures and help as- 
sure insulation uniformity, insulating 
machines of considerable precision, and 
highly precise cabling equipment. It 
also requires, as is so often the case in 
precision manufacture, an indefinable 
skill on the part of machine operators. 
ASK THE EXPERTS To protect the func- 
tioning of your system, there's only one 
way to make sure the thin black lines 
on your schematics became cables with 
the requisite dependability: have them 
designed by experts, in consultation 
with you, and constructed by experts. 

Rome-Alcoa is, frankly, one of the 
very few companies that qualify. We've 
been designing and constructing these 
cables since their first conception. If 
you're going to need instrumentation 
cable soon, call us, the sooner the belter. 

We now have a 24-page booklet titled 
"Instrumentation Cables, Cable Assem- 
blies and Hook-up Wires.” In it, we de- 
scribe instrumentation cable construc- 
tions, production, military specifications 
and our qualifications. For your copy, 
write Rome Cable Division of Alcoa, 
Dept. 26-53, Rome, N.Y. 
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the loads transmitted to the rear of the 
fuselage and required a strengthening of 
the bulkheads in that area. 

Landing loads from the nose gear, 
partially absorbed by the engine in the 
single-engine Comanche, now are trans- 
mitted to the fuselage. This new load- 
ing was counteracted by the structural 
strengthening of the fuselage, as was the 
increased loading transmitted by the 
forward wing spar, due to the additional 
weight of the engines on the wing. En- 
gine loading tends to twist the wings 
chordwisc. 

Wing area remains the same as for 
the single engine Comanche, but the 
structure has been strengthened to cam' 
the new loads imposed by the engines, 
and increased gross weight and top 
speed. Forward wing spar has been 
extended to approximately two-thirds 
the span of the wing and the attach- 
ment point for this spar has been 
strengthened at the fuselage. 

Heavier leading edge skins have been 
used, a heavier root rib was attached 
and the rear spar attachment point was 
given extra rivets. Entire inboard wing 
was strengthened, particularly the area 


Twin Comanche 
Specifications 


i "V'Kht 
tv weight 
il load (standard i 


rnitlg IO320-B 
at 2.700 tpm. 
WOO lb 
2.160 I 
del) 1.440 I 
72 in. 

rl capacity 90 gal 

84 gal. usable 
In-el base 7.3 It 

-ad 9 

-..pc space 20 c 

set loading 11.25 lb./hp. 

lag loading 20.22 p- 

tising speeds 

15% power at sea level. ... 181 trip 

■5% power at 8.000 ft 194 mph. 

53% power at 12.000 ft . . . 186 mph. 

1 ^ ^ 69 rnpli. 

ke oft distance over 50-ft. ob- 

ihicle 1,570 ft. 

iding distance over 50-ft. ob- 

itaclc 1.875 ft. 

in engine rate of climb. . . 1,460 fpm. 
iglc engine rate of climb. . .260 fpm. 

vice ceiling 18.600 ft. 

iglc engine service ceiling. . 5,800 ft. 

17.2 gph. 

el consumption, 65% power 



We will DESIGN IT, ENGINEER IT, FINANCE IT. BUILD IT, MANAGE IT, 
LEASE IT . . . BUY IT or SELL IT. 

SPACE ... in OFFICE BUILDINGS, INDUSTRIAL COMPLEXES, RESEARCH 
FACILITIES, APARTMENTS, MOTELS, SHOPPING CENTERS, or UNDEVELOPED 
LAND. 

We ore NASA Area's leading Real Estate Agency and either own or have 
exclusive control of numerous tracts near the MANNED SPACECRAFT CENTER 
on CLEAR LAKE for both USERS and INVESTORS. 

WE HAVE JUST BUILT and LEASED to NASA their largest single location 


JOSEPH L. SMITH and Associates will represent you on a confidential and 
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BEECH "IMAGINUITY” IN 

Adofcfc/i/ 


The Beechcraft U-8F meets the need for a . . . 

Low-cost way to maintain instrument proficiency 


Substitute the Beechcraft U-8F for large, expen- 
sive to operate multi-engine airplanes frequently 
used to maintain pilot instrument proficiency. Sav- 
ings will run into hundreds of thousands of dollars. 
And necessary realistic regular training schedules 
can be easily maintained. 

The U-8F is fitted-out like a much larger air- 
plane. Yet it costs far less to buy, operate and 
maintain. Its ample space and weight allowances 
provide for all electronic navigation and communi- 


cations equipment normally used for instrument 
flying on even the largest aircraft. 

The Beechcraft reliability built into the U-8F 
is attested to by thousands upon thousands of 
civilian and military air hours. Twin 340 hp 
Lycoming supercharged fuel injection engines allow 
the U-8F to cruise at 190 knots at 70% power, and 
provide top speed of over 200 knots. 

Already in worldwide use by the U. S. Army, 
U-8F’s are quickly and economically available. 






the number of aircraft operated by the 
mapping company. 



PROBLEM: 

PREDICTED FREQUENCY CHARACTERISTICS 


Centerline JATO auxiliary power in- 
stallation for Piper Apache and Aztec 
light twins has been approved by the 
Federal Aviation Agency. Installation, 
developed bv Mateo, Linden, N. J., has 
a total weight of 52 lb., including pro- 
pellant, bottle, brackets, wiring and 
controls. Mateo is offering the unit in 
kit form or installed. 

Aero Commander, Inc., has sold 30 
Jet Commanders to date, an increase 
of 12 since the aircraft’s first flight 
Jan. 27. This equals 15% of the total 
200 aircraft market forecast for the end 
of 1963 by the Federal Aviation Agency. 
First deliveries are scheduled for about 
the first of the year. 

New blimp, designated the Columbia 
2, will be built by Goodyear Tire and 
Rubber Co. and it’s present blimp May- 
flower will be reconditioned this sum- 
mer. Program will cost SI. 4 million. 
Both blimps will tour the country in the 
fall. 


Top drawer NONLINEAR STRUCTURAL DYNAMICS ENGINEERS 
face genuine creative challenge at Honeywell in Florida. For ex- 
ample, this problem: Design an inertial platform (including a 
three gimbal ring structure) in which the frequency characteristics 
of the platform will be determined, BEFORE FABRICATION, to 
within X cycles, plus or minus 10%. This work entails TOTAL 
STRUCTURAL DESIGN OF INERTIAL PLATFORMS which house 
gyros, accelerometers, resolvers, slip rings, torque motors, 
optics, etc. 

■ The problem may seem easy to a guy just out of school. It 
may seem impossible to a man with a few years experience. The 
man we want will tackle it and solve it! He'll be thoroughly familiar 
with the use of Analog and Digital Computer Simulations ... in- 
fluence coefficient, Stodola and Holzer techniques . . . and 
perhaps he will already be determining the nonlinear structural 
damping, anisodastic and cylindrical torque characteristics of 
complex electro-mechanical structures. 

■ Sound interesting? Then let us know! Remember, too, there 
are equally challenging opportunities here for Engineers and 
Scientists AT ALL LEVELS OF EXPERIENCE in a wide variety 
of interesting technical programs. 

■ A brief note addressed to A. M. Keese, Honeywell, 13350 U. S. 
Highway 19, St. Petersburg, Florida will bring a prompt, confi- 
dential reply and probably an invitation to visit with us to see our 
facilities, meet our people and discover for yourself the added 
attraction of living here on Florida’s Suncoast. 


Rule restricting use of portable FM 
radios in all civil aircraft lias been ex- 
tended indefinitely by the Federal Avi- 
ation Agency. Rule prohibits use of 
FM receivers in private civil aircraft 
when VHF radio navigation equipment 
is in operation. Operation of FM re- 
ceivers in commercial aircraft is banned 
at all times. 

North American Sabreliner has re- 
ceived its Federal Aviation Agency type 
certificate. First delivery will be made 
this month. NAA’s civil designation for 
the 6-8 place, twin-jet executive aircraft 
is NA-265-40. Distributor for the air- 
craft is Remmert-Wemcr, Inc. of St. 
Louis. 

Four Hiller E4 helicopters have been 
delivered to two companies for use in 
off-shore oil operations. British United 
Airways will operate two off the coast 
of Nigeria. PEMEX, Mexican govern- 
ment-owned oil company, will operate 
two off the coast of Mexico. National 
Aeronautics and Space Administration 
has purchased a Hiller 12E for experi- 
mental work with vertical lift aircraft 
at Moffett Field, Calif. 


Honeywell , 

"V 55 


Federal Aviation Agency is proposing 
a new Technical Standard Order (TSO) 
establishing minimum performance 
standards tor synthetic aircraft covering 
fabric. Interested parties may partici- 
pate in discussion of the proposed rule 
by writing the Docket Section, Federal 
Aviation Agency, Washington 25, D. C. 
before May 31. 
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MAJORITY OF WILKEN'S BUSINESS Is conducted from this headquarters at the old Wilson Airport, about seven miles from the 
heart of Nairobi and bordering on the Royal Nairobi Came Park. Smaller base is maintained at Mombasa on the Indian Ocean coastline. 


African Operation Handling Varied Tasks 


By Robert H. Cook 

Nairobi, Kenya— Wilken Air Sendees, 
established three years ago to fill 
Kenya’s growing need for better in- 
ternal communications, is an outstand- 
ing example of the vital role played by 
a fixed-base operator in the develop- 
ment of air-minded East Africa. 

Wilken is a small company— 30 em- 
ployes— but has had a phenomenal rate 
of growth since it first began opera- 
tions with three aircraft. Its original 
business, which consisted primarily of 
flying instructions and maintenance 
contracts, has expanded to a point 
where the company now has a fleet of 
18 aircraft and a second base at Mom- 
basa. 

The finn is the Piper Aircraft dis- 
tributor for East Africa and Lycoming 
engine dealer for the same territory, 
plus the Sudan and Ethiopia. Wilken 
performs maintenance and overhaul 
work for at least 20 other aircraft 
owned bv such organizations as the 
African Medical Research Foundation, 
African Wildlife Society and the 
Somali Air Police. Pipers dominate the 
Wilken fleet, which includes three 
Coinanches, four Caribbeans, two 
Colts, one Cruiser, one Tri-Pacer and 
one Cub. 

Two Cessna 182s, along with a 180, 
a 170 and 210, and an Aermacchi 
Lockheed 60 make up the balance of 
the fleet. 

Average monthly flight time on the 
aircraft is 50 hr., although some oc- 
casionally reach 100 hr. Cruisers, Cubs 
and Colts are generally used for flight 


instruction, which now totals about 1 50 
hr. a month. More than half of 
Wilken’s force of 15 pilots has in- 
structor ratings. Courses in commercial 
and instrument ratings are given with 
Link Trainer time acquired through the 
Division of Civil Aviation of the Com- 
mon Services Organization. Majority of 
the maintenance and overhaul work is 
done by seven European mechanics. 


Rapid fleet expansion has permitted 
the company to branch out into more 
lucrative areas, such as servicing film 
location units and safaris. Good loca- 
tion sites are now spotted from the air, 
and Wilken has transported casts and 
the daily film production of such notable 
movies as “Hatari,” which was filmed 
near the Amboseli Game Preserve, and 
“The Lion,” made around actor Wil- 



AVIATION 


& SPACE TECHNOLOGY, May 6, 1963 





Martin Denver-as integra- 
tion systems contractor for 
the TITAN III multiple use 
booster-has a vital respon- 
sibility in 


'he N.L.V.P. 
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AERMACCHI LOCKHEED 60 is used by Wilkcn for jobs requiring cither all cargo aircraft 
or combination cargo-passenger configuration. Designed for rough bush operations, the air- 
craft has a reinforced airframe and flooring, plus widc-track landing gear to reduce landing 
impact. Wide-hinged, upswing door, permits easy loading of bulk cargo, such as the ship- 
ment of monkeys shown being loaded above. 


liam Holden’s famed Safari Club at 
Nanyuki. 

Such operations as Wilken's have also 
changed safaris. Hunters no longer must 
endure a bone-wracking journey of sev- 
eral days in a Land Rover safari wagon. 
They now wait until the outfitter es- 
tablishes camp and radios back the pre- 
cise location. Clients then fly the 400 
to 600 mi. in a matter of a few hours. 

As Africa's population growth rote 
continues to increase, forcing wildlife 
into small protected areas, game surveys 
have become steady business for the 
company. 

Aerial Surveys 

As an example, wildlife authorities 
estimate that the great Tsavo National 
Park is now supporting an elephant 
population of 1 5.000 head, rather than 
the 6,000 previously estimated. The dif- 
ference was not apparent until low- 
flying aircraft began flying a criss-cross 
grid pattern across the park nearly two 
years ago. Today, this type of aerial 
survey is made every three months by 
teams of wildlife experts using Wilkcn 
Air Sendee aircraft. An accurate count 
can be made in two days, as opposed to 
a week using the old ground count 
method. 

In its continuing search for new mar- 
kets, Wilken has opened a fishing camp 
on the shores of Lake Rudolph in the 
wild Northwest Frontier district and a 
beach resort near Malindi on the Indian 

Like most African countries, the 
combination of weather and topography 
often makes air transportation the only 
practical and economical means of travel 


in East Africa. From October through 
December, the country experiences a 
period of intennittent rainfall, and from 
March to May. heavy tropical down- 
pours which make it impossible to use 
most unsurfaced roadways. 

Wilken's rates per mile for charter 
aircraft are well below that charged for 
the hire of a car and driver. On a round- 
trip basis, air travel has an advantage of 
40 mi. over autos to such points as 
Nvcri. location of the famed "Treetops” 
house in the Abadare National Forest 
and last stronghold of the Matt Mau 
movement. 

To such far-off points as Kampala 
and Lammu, the difference is 200 and 
400 mi., respectively. 

While the company has pursued new 
markets aggressively, much of its suc- 
cess can be traced to a policy of precise 
bookkeeping and sharing of profits with 
the employes, according to Managing 
Director John Williams. 

Aircraft Devaluation 

During the first year of operation, all 
aircraft were devalued by 35%, and this 
fonnula has continued so that the book 
value of each aircraft, at any time, is 
equal to current sale price available on 
the open market. 

Each of Wilken’s original pilots and 
mechanics are shareholders in the com- 
pany and all employes, including Afri- 
cans, are awarded a cash bonus and non- 
voting stock at the end of each year. 
Distribution of the bonus and stock is 
accomplished through a pint system, 
based upon years or service, salary, li- 
censes held and extra points awarded by 
either department heads or directors. 
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NEW AEROSPACE 
PRODUCTS 


Sweep-Random Oscillator 

Oscillator generates a random signal 
swept across particular frequency bands 
which can be applied to the amplifier of 
a shaker for simulating random vibra- 
tions found in missiles, space vehicles 
and aircraft. 



Oscillator is designed to supplement 
rather than replace wide-band random 
testing. Advantage of the sweep-ran- 
dom oscillator, the manufacturer says, 
is that conditions of wide-band testing 
can be closely simulated at a fraction 
of the cost of wide-band equipment. 

MB Electronics, 781 Whalley Ave„ 
New Haven 8, Conn. 


Tracking Mount 

Two-axis tracking mount for optical 
trackers, cameras, etc., is equipped with 
zero backlash direct drives with 2 sec. 
of arc accuracy and real-time digital tar- 
get position data, the manufacturer says. 

Called the Model 312 Two-Axis 
Tracking Mount, the unit can support 
instruments weighing as much as 150 
lb. Model 312 is available with con- 
tinuous rotational freedom or cushioned 
limit stops. Starting friction is less than 
15 in./oz. with a 40-lb. load. Axis 
orthogonality is within 15 are seconds, 
the manufacturer says. 

Powcr-Tronic Svstems, Inc., Pine 
Court, New Rochelle, N. Y. 

Sound Level Meter 

Solid-state, self-contained meter 
Type ELZT, provides accurate indica- 
tion of airborne sound levels between 
30 and 120 db. at frequencies ranging 
from 30 to 12,500 cps., the manufac- 

Slide switch selects overlapping sen- 


ENGINEERING 

EMPLOYMENT 

OPPORTUNITIES 

AT 

NORTH AMERICAN AVIATION'S 
SPACE AND INFORMATION SYSTEMS DIVISION 


North American Aviation's Space and Information Systems 
Division is expanding its capabilities into all realms of the aero- 
space technologies. Current programs include manned space- 
craft, large booster systems, missile weapon systems, recovery 
systems and research in all of the aerospace sciences. 

Two of the most challenging areas which are now staffing 
include the Electronic Systems and Reliability Engineering 
groups. 

ELECTRONIC SYSTEMS • Engineering opportunities are 
available in the area of communication, instrumentation, 
in-flight test, display, guidance and navigation, flight control, 
and electronic interfaces for space systems. Assignments in 
general require from three to ten years experience in the 
applicable fields. 

RELIABILITY ENGINEERING • These positions provide oppor- 
tunity for original contributions to the development and appli- 
cation of reliability techniques, program assurance and control 
measures. Several openings are available now for engineers 
with BS degrees and several years experience in design analysis, 
data systems, criteria and requirements, and test planning. 

Aerospace Ground Equipment • Guidance and Control 

PLEASE SEND YOUR RESUME TO: 

MR. A. E. MC KENZIE, EMPLOYMENT SERVICES 
12214 LAKEWOOD BLVD., DOWNEY, CALIFORNIA 
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HIGHLIGHTING A KEY SEGMENT OF OPPORTUNITY 



Right Outside Your Laboratory Window - 
The Nation’s First Licensed Space Communications Station 


This is no coincidence, but a direct result of a cause-and-effect 
situation. 

A number of engineers have joined ITT Federal Laboratories 
primarily because of the unusual experimental facilities here 
for space communications work. The company-owned and 
designed 40-foot steerable radio telescope (foreground in 
photo) is an outstanding example. In addition to its use on 
major R&D programs as outlined below, our engineers work 
with it to test new techniques and subsystems, e.g. parametric 
amplifiers; solid state transmitter control circuitry; new modu- 
lation, multiplex and threshold extension techniques, etc. 

LUNAR BOUNCE STUDIES 

Upon its completion in 1960, the first task of the ITT radio 
telescope was a company-funded study to measure the value 
of the moon as a reflector for transoceanic communications 
between the U.S. and Europe. 


PARTICIPATION IN "RELAY" PROGRAM 

Currently this ground station is being utilized as the fixed 
terminal for North and South America communications via 
NASA's satellite RELAY. The other terminal in Brazil was also 
designed, developed and engineered by the ITTFL staff. It is 
a transportable station (background in photo) which can be 
flown anywhere in the world and set up by 4 men in as little 
as 16 hours after landing. It will operate in the 1,725-8,000 me 
range with the change of "plug-in" modules. 

NASA handles command and control of RELAY at our Nutley, 
New Jersey site. Experiments have also been carried on here 
with TELSTAR. 


To apply, or gain more information, forward your resume in 
full confidence to Mr. W. Bieszard, Box 19-WS, ITT Federal 
Laboratories, 500 Washington Avenue, Nutley, New Jersey. 


ADVANCED SPACE COMMUNICATIONS STUDIES 

Projecting military satellite communication techniques into 
the '70's is the substance of a long-term program now under- 
way. A total systems approach is taken, encompassing space 
environmental research, theoretical analysis, experimental 
operations and hardware design (where the state of the art 
demands it). Under consideration is a multiple-access system 

munications. 


INVESTING IN THE FUTURE 

A substantial portion of ITTFL's work in space communica- 
tions is company funded. But this is neither altruism nor win- 
dow-dressing. International Telephone and Telegraph Corpo- 
ration is an American corporation with an international view- 
point; with 50 years' experience in global communications, 
ITT takes a strong interest in the commercial aspects of this 
new technology. 

Your own interests in satellite communications, or any other 
area of information transfer systems, are probably well rep- 
resented in this multi-laboratory organization. Your inquiry 
will receive a prompt and confidential reply. 

IMMEDIATE OPENINGS IN THESE AREAS 
Satellite Antenna Design Q Microwave Communication and 
Tracking System Design □ High Power Amplifier Design □ 
Engineering Analysis — Aerospace Systems □ Microwave 
Communication Equipment Development Q RF Circuit Design 
Engineering □ Solid State and Maser R&D □ Communication 
System Theory and Analysis □ Electronic Navigational Aids 

Trfim 

• " " FEDERAL LABORATORIES 


sitivity ranges of 30-50, 40-60, 50-70, 
60-80; 70-90, 80-100, 90-110, and 100- 
120 db. 

Instrument accuracy equals or ex- 
ceeds International Electrotechnical 
Committee (IEC) standards. Fast or 
slow meter time constants, in conform- 
ance with IEC standards, arc selected 
by push-button. 

Meter is qmcklv calibrated with an 
internally supplied standard. Audio out- 
puts are provided for external monitors, 
spectrum analyzers or recorders. Micro- 
phone is electrostatic; instrument is bat- 
tery-powered, and a 110 v. battery 
charger is included. 

Rohde & Schwarz Co., Inc., Ill Lex- 
ington Avc., Passaic, N. J. 

Plunger-Actuated Switch 

Plunger-actuated switch for use in 
missiles for stage separation and other 
functions can sustain random vibrations 
as high as 200 rms. applied 30 sec. per 
axis, 5 to 2,000 cps., and shocks to 
lOOg, the manufacturer says. 

Design provides configurations rang- 
ing from single-pole, single-throw to 



five-pole, double-throw at current rat- 
ings to 25 amp. Unit weighs 8 oz. and 
is filled with inert gas to provide con- 
stant dielectric strength at any op- 
erating altitude. 

Specifications; 100 mv. max. voltage 
drop at full rated load; dielectric 
strength 1,250 v.a.c. at sea level, cir- 
cuit to circuit or circuit to case; insula- 
tion resistance, 100 megohms/min. at 
500 v.a.c. between any insulated ele- 
ments; — 65F to 165F operating and 
storage temperature. 

Kinetics Corp., 410 So. Ccdros Avc., 
Solana Beach, Calif. 


DEFENSE CONTRACT AWARDS 

First Fiscal Quarter Summary— 1963 

Now available free from AVIATION 
WEEK & SPACE TECHNOLOGY are 
summary reports of defense contract 
dollar awards covering the first fiscal 
quarter of 1963. These reports show de- 
fense dollars awarded in 179 product/ 
system categories as compiled by Frost 
& Sullivan, Inc. Information is also avail- 
able on the second fiscal quarter 1962; 
third fiscal quarter 1962; and fourth 
fiscal quarter 1962. 

Reports are available on an individual request 
basis in the following system areas: 

Data Processing 
Navigation 

Meteorological Systems & Components 
Vehicles, Ordnance, Vessels 
Services 

Electronic Warfare 
CBR Warfare 
Communications 
Missiles & Space 

Basic Research 

Miscellaneous Components & Sub- 
Assemblies 


Contact your AVIATION WEEK & SPACE 
TECHNOLOGY District Manager or write to: 

AVIATION WEEK & SPACE TECHNOLOGY 

RESEARCH DEPARTMENT 

330 West 42nd Street, New York 36, N.Y. 


I Aviation Week ® 

& Space Technology 

A McGraw-Hill Publication 


AVIATION WEEK & SPACE TECHNOLOGY, 


5, 1963 




PROBLEM: Design an aircraft for tactical battlefield support in unpre- 
pared areas , under all weather conditions. 


SOLUTION: Chance Voughfs XC-142A V/STOL transport under develop- 
ment for the Army, Navy and Air Force. Designed for versatility, the tilt-wing c raft 

full military load of 32 troops or 8000-pound payload at speeds of 250 to 300 knots. 
The tri-service XC-142A is just one of the many fascinating programs 
now being investigated by Chance Vought engineers and scientists. Per- 
fecting ideas is a daily assignment at Vought, and to do the job right, the 
best technical talents are needed. Engineers and scientists who qualify 
will be given professionally stimulating responsibilities in fields such as: 
DYNAMICS Flutter and vibration, acoustic and vibrational environments, 
control dynamics, fluid mechanics and stress analysis. AERODYNAMICS 
Aircraft, missile or launch vehicle configuration design, stability and control, 
airloads and aerodynamic heating. STRUCTURES Stress or fatigue anal" 
ysis, redundant structure analysis, loads and structural development. 
OPERATIONS ANALYSIS Assignments in mission analysis, opera- 


mathematical models and simulation studies, cost analysis and long range 
technical planning. AVIONICS AND INSTRUMENTATION Experi- 
ence in one of the following specializations required: electronic circuit design, 
flight test electronic instrumentation, electrical or electro-mechanical control 
systems analysis or GSE missile electronics. ■ If you're looking for a company 
where your opinion counts in creative problem-solving, send your complete 
resume to Professional Placement, Dept. 153, P. O. Box 5907, Dallas 22, 
Texas. An equal opportunity employer. 


P y \|\^7CHANCE VOUGHT CORP. 


WHO'S WHERE 


(Continued from page 19) 

Changes 

Alexander N. Bcichck, assistant director 
of research and engineering, Aero-Space Di- 
vision of Walter Kiddc & Company, Inc., 
Belleville, N. J. 

Richard W. Ehrhom, supervisor of ad- 
vanced development. Electronic Communi- 
cations, lnc„ St. Petersburg. Fla. 

John J. Foley, materials manager, Relay 
Div., Leach Corp.. Los Angeles, Calif. 

Frederick R. Freyinullcr, market develop- 
ment manager, Sperry Utah Co., Salt Lake 
City, Utah, a division of Sperry Rand Corp. 

Milton Magid, chief engineer-microwave 
products. Singer Metrics Div., The Singer 
Manufacturing Co., Bridgeport. Conn., and 
Vincent P. Cronin, technical adviser-electri- 
cal instruments. 

F. M. Thuney, director of manufacturing. 
Robertshaw's Aeronautical and Instrument 


Div., 


l, Calif. 


Elder Wester, manager of operations at 
Eduards AFB for United Technology Ccn- 

Albcrt S. Humphrey, manager of the 
Management Survey Team at General Dy- 
namics/Astronautics, San Diego, Calif. 

Robert H. Cline, assistant to the general 
manager of Nortronics Division of Northrop 
Corp., Palos Verdes Estates, Calif. 

Joseph L. Wosser, Jr., assistant manager. 
Aerospace/ Rockets Division of Textron's 
Bell Aerosystems Co.. Buffalo, N. Y. 

Samuel H. Auld, general manager of the 
newly formed Electronics Division of Lear 
Jet Corp., Wichita, Kan. 

Frank J. Todd, marketing manager, Radio 
Corporation of America's Aviation Equip- 
ment Dept.. Los Angeles, Calif. 

Robert P. Boyle, deputy director of the 
Federal Aviation Agency's International 
Aviation Service replacing Capt. Donald E. 
Macintosh (USN), retiring July 1. W. Lloyd 
Lane has been named deputy director of the 
FAA's Flight Standards Service succeeding 
George S. Moore (AW Apr. 29, p. 101). 


Lt. 


Patrick F. Clark (USAF) h; 
ed military assistant for Materiel Man- 
aent, FAA's Installation and Materiel 
ice. Materiel Management Div. 
dward Kuebert, value engineering 
■ Engine 


George E. Jacques, operations manager. 
Thompson Ramo Wooldridge Microwave 
Div.. Canoga Park. Calif. 

Caleb B. Hurtt, Titan 1 program director, 
Martin-Denver (Colo.) Div,, Martin Mari- 
etta Corp. succeeding David S. LcVine 
(AW Apr. 8, p. 114). and George Dam- 
stedt. Titan 1 project engineer. 

Dr. Milo P. Hnilicka, chief scientist. Con- 
tract Research Div.. National Research 
Corp., Cambridge, Mass. 

Loren Kolstc, manager of operations, 
Good-All Capacitors/TRW Electronics, 
Ogallala, Neb., a subsidiary of Thompson 
Ramo Wooldridge, Inc. Other appoint- 
ments in the division's military unit: K. A. 
Haggc, sales manager-military and industrial 
products; Troy Pestel, engineering manager. 
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ENGINEERS • SCIENTISTS • JOIN US IN GIVING A NEW DIRECTION 


AEROSPACE TECHNOLOGY 


SPACE VEHICLE STRUCTURES 


One facet of Republic’s aerospace investigations at the Paul Moore Research Center 


Recently Republic scientists reported a unique development —the successful use of the piston-like force generated when 
water changes into ice to shape large, hard-to-form and few-of-a-kind space vehicle parts. (A slurry of sawdust and water 
is used with a single female die.) This work is only one aspect of a broad program to develop and apply new metals and 
alloys for aerospace vehicle structures. It is part of a still larger R & D effort covering materials, structures, propulsion 
and aero and thermodynamic heating for diverse space programs including: . . . SMS . . . Project Fire . . . Space Station . . . 
and Lunar Logistic System. Openings exist at all experience and education levels in the following areas and disciplines. 


MATERIALS 

Mechanical Metallurgy - applied mechanics or solid state physics includ- 
ing high temperature mechanical metallurgy. 


Physical Metallurgy- application ol solid state or applied mechanics to the 
properties ot materials. 

Ceramics -fabrication and analysis of high temperature behavior of ad- 
Coating Processes- development and application ol high temperature stable 



SPACE POWER, EXOTIC PROPULSION & CRYOGENICS 

Aerodynamic Heating— analysis of ballistic and glide re-entry vehicles at 
orbital and escape speeds considering convectional equilibrium and non- 
equilibrium gas cup radiation ... develop new methods for heat transfer 
analysis. 

Space Vehicle Heat Transfer -thermal balance analysis of satellites and 
lunar vehicles involving application of thermo-optical coatings, passive and 
active temperature control techniques ... thermal vacuum testing ... com- 

Auxiliary Power Units -conceptual and detailed analysis and management 
involving integration into overall vehicle design, determination of system 
loads and parameters ... fuel cells, cryogenic power systems, solar cells. 

Liquid and Solid Rocket Propulsion -conceptual design and analysis of 
timization studies. 


Mr. George R. Hickman, DEDI IRI If? 
Professional Employment 
Manager, Dept. IE-1. 

An Equal Opportunity Employer faomingoale.lono island, new vow 
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NASA’s Saturn S-1C advanced first 
stage booster. Aero-Space Division’s 
Saturn Booster Branch has immediate, 
long-range openings offering pro- 
fessional challenge and rapid ad- 
vancement to graduate engineers 
and scientists. 

This rapidly expanding program pro- 
vides unique advancement advantages 
and ground-floor opportunities to 
physicists, mathematicians and engi- 
neers with the following specialties: 
structural design, electrical/electronics, 
propulsion, aeronautics, systems test, 
mechanical design, industrial, manu- 
facturing, facilities, high vacuum, 
astrodynamics, cryogenics and thermo- 
dynamics. 

Salaries are commensurate with all 
levels of education and experience. 


Minimum requirement is a B.S. degree 
in any applicable scientific discipline. 
Boeing pays travel and moving allow- 
ances to newly-hired engineers. 
Assignments are in New Orleans as well 
as in Huntsville, Alabama. Positions 
with Saturn, and other missile and 
space programs at Boeing - including 
the solid-fuel Minuteman ICBM and 
X-20 Dyna-Soar boost-glide vehicle 
- are also available at Seattle, Cape 
Canaveral and Vandenberg AFB, 
California. 

Send your resume to Mr. L. Wendell Hays, 
The Boeing Company. P. 0. Box 260S8AWW, 
New Orleans 26, La. An equal opportunity 
employer. 


AERO-SPACE DIVISION 


EXPERIMENTAL 
TEST PILOT 

Major West Coast Air- 
frame firm has need for a 
currently qualified jet 
fighter pilot. Additionally 
requires an engineering 
degree, graduation from 
the Air Force or Navy Test 
Pilot School, and not over 
35 years of age. Please 
submit complete resume 
and salary requirements 
to: 





What is 

your 

problem? 

Competent men for your 
staff? . . . employment? 
... or are you looking for 
— or offering — a business 
opportunity of special in- 
terest to readers of this 
publication? You can get 
their attention — through 
an advertisement in the 
Employment Section of 
AVIATION WEEK. 


Divisions: Military Ain 
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...where technical challenge goes hand in hand with the good life — 


At Sikorsky Aircraft, expect your engineering day to be 
filled with fast-paced, rewarding action and accomplishment. 
We can promise that- You’ll be merging your talents with 
the leader in a demanding field — advanced VTOL aircraft 
systems. And our far-ranging military, commercial and 
industrial programs demand the utmost of sophisticated 
technology to anticipate the needs of the future. 

And what about "after-hours” life in Connecticut? Try to 
decide what you'll like best. It could be the exhilarating 
swing of the four seasons. The transition from beach life 
to golf and yacht clubs— from ski resorts to Shakespearean 
drama. And all, almost literally, in your own backyard! 
Perhaps it’s the serene, uncongested living in pleasant 
villages or suburban towns— with their emphasis on superior 
educational facilities. Or again, the many cultural activities 
—with the accent on nearby New York— just a brief park- 


way drive away. Hard to decide? We like them all— and 
so will you. 

SOME OF OUR INTERESTING AREAS OF OPPORTUNITY FOR 
AIRFRAME ENGINEERS ARE: AERODYNAMICS • AIRFRAME 
DESIGN • AIRCRAFT STRUCTURES • WEIGHT CONTROL • 
PRELIMINARY DESIGN • ARMAMENT • ADVANCED CON- 
CEPTS • AIRCRAFT RESEARCH • 

A NOTE ON ACADEMIC ADVANCEMENT: 

The multiple benefits of Connecticut life are further en- 
hanced by the opportunity to earn advanced degrees 
through a corporation-financed Graduate Education Pro- 
gram. These programs are available at such accredited 
schools as Yale University, Rensselaer Polytechnic Institute 
(Hartford Graduate Center) and Columbia University. 
Send your resume in confidence, stating salary require- 
ments, to: Mr. Leo A. Shalvoy, Engineering Personnel. 


Sikorsky Aircraft — ---g-— 
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aerospace 

engineering 

. . . at AVCO/RAD 


requirements. Avco's leadership oilers Engineers a 



»th. 


, Assignments embrace all basic engineering disciplines and 

★ their inter-relationships on such programs as APOLLO. TITAN, 

MINUTEMAN, NIKE-ZEUS and other classified projects. 


Openings Exist in the Following Areas: 


ELECTRONICS/ 

ELECTROMECHANICS 

• Design & Development 

Space Telemetry & Communications 






SPACE FLIGHT-TEST 
TECHNOLOGY 

• Thermodynamics 

• Systems Evaluation 

• Trajectory Analysis 

• Test-Range Technology 

SYSTEMS ANALYSIS 

• Systems Optimization 

• Trade-Oil Definition 

• Operations Research 

• Game Theory 


STRUCTURES 

rtural Design Methods 


Solid Mechanics 


RELIABILITY ANALYSIS 
& ENGINEERING 

• Prediction Analysis 

• Statistical Test Design 
S Analysis 


• System Evaluations 



& Evaluation 
• Failure Analysis 


★ 


The Division's facilities are located in Wilmington. Lowell and 
Lawrence, just north of metropolitan Boston. At Avco/RAD you 
are close to leading universities, cultural events and excellent 
recreational facilities. 


Send resume to 
Mr. J. Bergin, 
Dept OTA 


201 Lowell St., Wilmington, Mass. 




Method for 
measuring 
an engineer... 



What’s his 
technical 
publication • 


When an engineer pays 
for a technical publica- 
tion, it’s a safe bet that 
that is the one he respects 
most. 

He makes it his business 
to read Aviation Week 
and Space Technology. It 
keeps him abreast of up- 
to-the-minute events and 
developments in the aero- 
space industry and the 
technology to which he 
contributes his experi- 


Where your recruitment 
program calls for engi- 
neers and other technical 
people of this calibre, you 
can reach them in the EM- 
PLOYMENT OPPOR- 
TUNITIES section of: 


Aviation Week 

... Space Technology 

CLASSIFIED ADVERTISING DIVISION jjSSjj 
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One big systems field 
known only to a handful of engineers 

(...outside of PAN AM’s Guided Missiles Range Division) 


We’re referring to the new technology— advanced range systems 
engineering— as developed and practiced by GMRD. 

From the systems viewpoint, a striking metamorphosis has taken 
place since 1953 when GMRD undertook range engineering, op- 
eration and development at Cape Canaveral for the Air Force. 

A comparatively simple set-up existed in the early '50's (to mon- 
itor missile flights up to 500 miles). Today this has been trans- 
formed into a vast, integrated systems complex of new generation 
tracking, monitoring, data handling, data support and communi- 

Present range capabilities can support the launch of global 
flights: lunar and interplanetary space probes. New capabilities 
are under development now— to meet the unprecedented re- 
quirements of the Apollo Program. And GMRD's Advance Plan- 
ning Group is engaged in projecting range needs as far ahead 

In fact the giant range system at Cape Canaveral and down-range 
is always a system-in-transition, calling for the highest technical 
contributions from engineers and scientists of many disciplines. 


to keep pace with the needs of the nation's new missile systems 
and space vehicles. 

YOU ARE INVITED TO INQUIRE ABOUT CAREER OPPORTUNITIES FOR: 

Systems Engineers— EE’s, Physicists capable of assuming 
complete project responsibility for new range systems. 
Instrumentation Planning Engineers— EE's. Physicists to be 
responsible for specific global range instrumentation concepts. 
Advance Planning Engineers— EE’s, Physicists to evaluate 
and project the state-of-the-art in all applications of range 
instrumentation. 

Experience in one or more of these areas: Pulse radar, CW 
techniques, telemetry, infrared, data handling, communications, 
closed circuit TV, frequency analysis, command control, under- 
water sound, timing, shipboard instrumentation. 

Why not write us today, describing your interests and qualifica- 
tions in any of the areas above. Address Dr. Charles Carroll, 
Dept. 14E-J. 
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PAN AMERICAN WORLD AIRWAYS, INC. 
P, 0. BOX 4465, PATRICK AIR FORCE BASE. FLORIDA 
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It’s on our side. 


MCDOISIISIELL 

Mercury. Gemini and Asset Spacecraft • 

Phantom n Fighter. Attack and Reconnaissance Aircraft • Electronic Systems and Equipment * 
Talos Missile Airframes and Engines • Automation 

ST. LOUIS 


Engineers and Scientists: Employment opportunities exist at McDonnell. An Equal Opportunity Employer. For information, write: McDonnell , Box. 516, St. Louis 66, Mo. 


